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© Proteins and production thereof. 



© Disclosed are (1) a fused protein obtained by combining an antigen used for vaccine and a lymphokine by 
the application of gene engineering. (2) a recombinant DNA containing a nucleotide sequence coding for the 
above fused protein, (3) a transformant bearing the above recombinant DNA, (4) a method for producing the 
fused protein which comprises cultivating the above transformant. producing and accumulating the above fused 
protein in a culture, and collecting the fused protein, and (5) a hybrid protein obtained by chemically combining 
an antigen, used for vaccine with a lymphokine. The resulting fused and hybrid proteins have strong im- 
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present invention; 

Fig. 12 is a representation showing an amino acid sequence deduced from the nucleotide sequence 
shown in Fig. 11; 

Fig. 13 is a schematic representation showing the construction of an expression pfasmid for animai cells 
5 of the truncated gD gene of HSV-1; 

Fig. 14 is a schematic representation showing the construction of an expression piasmid for animal cells 

of the fused protein gene according to the present invention; 

Fig. 15 is a graph showing survival rates of mice to time after inoculation of HSV. 

Ftgs. 16-1, 16-2, 16-3, 16-4, 16-5, 16-6 and 16-7 are schematic representations showing the construction 
w of plasmids used in Reference Example 2; 

Fig. 17 is a representation showing a nucleotide sequence and an amino acid sequence deduced from 

the nucleotide sequence of gpl gene inserted into the piasmid pUCl8 in Reference Example 2; 

Fig. 18 is a schematic representation showing the construction of an expression piasmid for animal cells 

of the fused protein gene according to the present invention; 
;s Fig. 19 is a schematic representation showing the construction of an expression piasmid for animal cells 

of the fused protein gene according to the present invention; 

Fig. 20 shows Western blotting analysis of the fused protein of the present invention; 

Fig. 21 is a schematic representation showing the construction of an expression piasmid for animal cells 

of the fused protein gene according to the present invention; and 
20 Fig. 22 is a schematic representation showing the construction of an expression piasmid for animal cells 

of the fused protein gene according to the present invention; 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 Preferred lymphokines for use in the present invention include interleukin (hereinafter referred to as IL)- 
1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, granular colony stimulating factor (G-CSF), granular macrophage colony 
stimulating factor (GM-CSF), macrophage colony stimulating factor (M-CSF) ana interferon-?. 

The antigens (proteins or polypeptides) used for vaccines in accordance with the present invention 
include antigens of viruses whose hosts are animals, such as antigens of herpesviruses including herpes 

30 simplex virus (HSV), varicella-zoster virus (VZV) and cytomegalovirus (CMV); antigens of retroviruses 
including human immunodeficiency virus (HIV) and adult human T cell leukemia virus (HTLV-I); antigens of 
hepadonaviruses including hepatitis B virus (HBV); antigens of togaviruses including non-A, non-B hepatitis 
viruses (HCV and HEV) and Japanese encephalitis virus; antigens of picornaviruses including hepatitis A 
virus (HAV); antigens of orthomyxoviruses including influenza virus; antigens of parvoviruses; antigens of 

35 papovaviruses; antigens of adennoviruses; antigens of poxviruses; antigens of reoviruses; antigens of 
paramyxoviruses; antigens of rhabdoviruses; antigens of arenaviruses; and antigens of coronaviruses; 
' antigens of pathogenic protozoa such as a malarial antigen; and antigens of pathogenic bacteria such as a 
Bordetella pertussis antigen. 

Examples of such antigens include surface antigen gD or gB of herpes simplex virus (HSV) type 1 or 

40 type 2, surface antigen gpl or gplll of varicella-zoster virus (VZV), gag antigen or env antigen of human 
immunodeficiency virus (HIV), gag antigen or env antigen of adult human T cell leukemia virus (HTLV-I), C 
antigen, M antigen or E antigen of hepatitis C virus (HCV), and core antigen, surface antigen L protein, 
surface antigen M protein or surface antigen S protein of hepatitis B virus (HBV). 

In some embodiments of the present invention, the antigen used for vaccine may be fused with the 

45 lymphokine through a linker. In other embodiments, a hybrid protein comprising an antigen used as a 
vaccine and a lymphokine is formed by chemical methods. 

Linkers for use in the present invention comprise one amino acid residue or a peptide residue 
comprising 2 to about 30 amino acid residues (preferably one amino acid residue or a peptide residue 
comprising 2 to about 10 amino acid residues) selected from G. A, V, L, I, S, T, C, M, E, D, K, R, H, F, Y, 

so W, P, N and Q. 

As an example, a fused protein of an HSV surface protein which is an HSV antigen with IL-2 will 
hereinafter be described. 

■ As the HSV surface protein, glycoproteins gD and gB lacking transmembrance domains are advanta- 
geously used. 

55 The present invention particularly provides (1) fused protein (!) of glycoprotein gD lacking the 
transmembrane domain with IL-2, or fused protein (II) of glycoprotein gB lacking transmembrane domain 
with IL-2; (2) recombinant DNAs (III) and (IV) containing nucleotide sequences coding for fused proteins (I) 
and (II)/ respectively; (3) transformants bearing recombinant DNAs (III) or (IV), respectively; and (4) - 
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method for producing fused protein (I) or (II) which comprises cultivating the transformant bearing 
recombinant DNA (III) or (IV), producing and accumulating fused protein (I) or (II) in a culture, ano collecting 
fused protein (I) or (II). - 

As surface protein genes of HSV, there can be used, for example, gD and gB genes of various HSV-1 

s strains such as HSV-1 strain Miyama. Examples of the gD genes include a gene having the amino acid 
sequence shown in Fig. 1 (surface protein gD of HSV-1 strain Miyama, Japanese Patent Application , No. 63- 
180114/1988). The essential portion of this amino acid sequence is from Lys of No. 26 to Ala of No. 302. 
Examples of the DNAs containing the nucleotide sequence coding for this gD gene include a DNA having 
the nucleotide sequence shown in Fig. 2. The portion from No. 186 to No. 1016 thereof corresponds to the 

,o essential portion. Examples of the gB genes include a polypeptide having the amino acid ^(^hown 
in Fig 3 (surface protein gB of HSV-1 strain Miyama, Japanese Patent Application No. 1-158238/1989 filed 
on June 22 1989 and Japanese Patent Application No. 1-308941/1989 filed on November 30, 1989). The 
essential portion thereof is from Ala of No. 1 to Asp of No. 293. Examples of the DNAs containing the 
nucleotide sequence coding for this gB gene include a DNA having the nucleotide sequence shown in Fig. 

,s 4 The portion from No. 341 to No. 1219 thereof corresponds to the essential portion. The gB genes further 
include, for example, genes having the nucleotide sequences and the amino acid sequences deduced 
therefrom shown in Fig. 5 [surface protein gB of HSV-1 strain KOS, D. J. Bzik et al., Virol . 133 301 (1984)] 
and Fig. 6 [surface protein gB of HSV-1 strain F, P. E. Pellet et al.. 1 ViroL S3, 243 (1985)]. The IL-2 genes 
are combined with these genes, preferably with the truncated gD and/or gB gene lacking the coding regions 

20 of the transmembrane domains, whereby the fused protein genes can be constructed. 

, Amino acids residues in a protein may be modified by oxidation, reduction, or other denization without 
loss of activity. Furthermore, modifications of the primary structure of the protein by deletion, addition or 
alteration of the amino acids can be made without destroying the activity of the protein. Such modifications 
are included in the definition of "essential portion" as used herein so long as the bioactivity of the protein ,s 

as not destroyed. It is expected that such modifications may qualitatively or quantitively affect the bioactivity of 
the protein in the vaccines of the present invention. 

IL-2 is one particularly preferred lymphokine for use in the vaccines of the present invention. Any IL-2 
gene can be used as long as it codes for an IL-2 active substance. The IL-2 active substance may be any 
IL-2 as long as it has IL-2 activity, namely the activity of enabling the passage maintenance of T cells. 

30 Examples of such substances include natural IL-2 produced in animal bodies or animal cells, recombinant 
IL-2 produced by recombinant technology and their related substances. In particular, human IL-2 is 
preferable, and more particularly, recombinant human IL-2 is preferable. When the lt-2 described above and 
the related substances thereof are proteins, they may have sugar chains or not. 

Specifically, there may be used, for example, polypeptide (A) produced by genetic engineering 

35 technique and having the amino acid sequence shown in Fig. 7 (refer to Japanese Patent Unexamined 
Publication No. 61-78799/1986), and a fragment having a portion of the amino acid sequence necessary for 

u=.,.. : „i - ; n„i„„:,-,i a,*™*,, Fvamnlfis of the fraoments include a fragment lacking one amino 

acid residue at the amino terminus (refer to European Patent Publication No. 91539), a fragment lacking 4 
amino acid residues at the amino terminal portion (refer to Japanese Patent Unexamined Publication No. 

40 60-126088/1985) and a fragment lacking several amino acid residues at the carboxyl terminal portion. 
Further a portion of the above polypeptide (A) may be deleted or substituted by a different ammo acid(s). 
For example, the cystine residue at the 125-position may be replaced with a serine residue (refer to 
Japanese Patent Unexamined Publication No. 59-93093/1984). 

The above recombinant IL-2 produced by genetic engineering technique may be a polypeptide in which 

4S an Met residue is further added to the amino terminus of polypeptide (A) (refer to Japanese Patent 
Unexamined Publication No. 61- 78799/1986), or a mixture of polypeptide (A) and the polypeptide in which 
an Met residue is further added to the amino terminus of polypeptide (A) (refer to Japanese Patent 
Unexamined Publication No. 60-115528/1985). 

The recombinant DNA (expression plasmid) containing the nucleotide sequence coding for the fused 

so protein (I) or (II) of the present invention can be prepared, for example, by the following processes. 

(a) A desired truncated gene is cut out from a plasmid in which the gD or gB gene of HSV-1 strain 
Miyama has been cloned. 

(b) A appropriate linker is added thereto as needed, followed by construction of a fused gene in which an 
IL-2 gene is linked to the 3'-terminal portion of the DNA. 

ss (c) The resulting fused protein gene is ligated downstream from a promoter in an expression vector 

in the present invention, any vector (for example, plasmid) may be used as long as it can be replicated 
in an eucaryotic cell as a host. When the host is yeast, examples of such vectors include pSHl9 [S 
Harashima et al., Mol. Cell. Biol. 4 , 771 (1984)] and pSH19-1 (European Patent Publication No. 0235430), 
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and a vehicle for expression of foreign genes is obtained by inserting a promoter therein. When the host is 
an animal cell, the vehicle for expression of foreign genes is obtained, for example, by inserting an SV40- 
derived promoter, a retrovirus promoter or the like in pBR322. 

As the promoter used in the present invention, any promoter is usable as long as the promoter is 
s suitable for expression in the host used for the gene expression. When the host is yeast, it is preferred that 
a GLD (GAPDH) promoter, a PH05 promoter, a PGK promoter, an ADH promoter, a PH081 promoter and 
the like are used. When the host is an animal cell, an SV40-derived promoter, a retrovirus promoter and the 
like are preferably used. 

The promoters can be prepared enzymaticaily from the corresponding genes. They can also be 

70 chemically synthesized. 

By using the vector containing the recombinant DNA thus constructed, the eucaryotic cell ts trans- 
formed. 

The host includes, for example, yeast and animal cells. 

Examples of the yeast include Saccharomyces cerevisiae AH22FT. NA87-11A and DKD-5D and 
75 Schizosaccharomyces pombe ATCC38399(h' leu 1-32) and TH168(h« ade6-M210 ural leul) [M.Kishida et 

al. f Current Genetics , 10 , 443C1986)]. 

Examples of the animal cells include adherent cells such as monkey cell COS-7. Vero, Chinese hamster 
ovary cell (CHO). mouse L cell and human FL celt, and non-adherent cells such as mouse myeloma ceil 
(such as SP2/0). mouse YAC-1 cell, mouse MethA cell, mouse P388 cell and mouse EL-4 cell. 
20 The transformation of the yeast is carried out according to. for example, the method described in Proc. 
Ngtl. Acad. Sci. U.S.A. , 75 , 1929 (1978). The transformation of the animal cell is carried out according to, 
foTixampTertrie method described in Virology, 52, 456 {1 973). 

The transformants (recombinants) thus obtained are cultivated by per se known methods. 
When the transformants in which the host is yeast are cultivated, there is used, for example, Burkholder 
25 minimum medium (K. L Bostian et al., Proc. NatL Acad. Sci. OSA , 77 , 4505 (1980)] as a medium. The 
pH of the medium is preferably adjusted to about 5 to 8. The cultivation is usually earned out at about 20 to 
35' C for about 24 to 72 hours, with aeration or agitation if necessary. 

When the transformants in which the host is an animal cell are cultivated, there can be used as the 
. medium, for example, about 5 to 20% fetal calf serum-containing, MEM medium [ Science , 122 , 501 
30 (1952)], DMEM medium [ Virology , 3 , 396 (1959)]. RPMI1640 medium [Journal of the American Medical 
Association , 199 .519 (1967)] and 199 medium { Proceeding of the Society for the Biological Medicine , 73 
, 1 (1950)]. ThTpH is preferably about 6 to 8. The cultivation is usually carried out at about 30 to 40 C for 
about 15 to 60 hours, with aeration or agitation if necessary. 

In the present invention, the fused proteins having both the HSV surface antigenicity and the IL-2 
35 activity can be separated and purified by appropriate combinations of per se known separating and 
purifying methods. These known separating and purifying methods include methods utilizing a solubility 
such as salt precipitation and solvent precipitation, methods mainly utilizing a difference in molecular weight 
such as dialysis, ultrafitration, gel filtration and SDS-polyacrylamide gel electrophoresis, methods utilizing a 
difference in electric charge such as ion-exchange column chromatography, methods utilizing specific 
40 affinity such as affinity chromatography, methods utilizing a difference in hydrophobic^ such as reverse- 
phase high performance liquid chromatography and methods utilizing a difference in isoelectric point such 
as isoelectric point electrophoresis. 

The fused protein of an antigen other than the HSV surface protein and IL-2 can be prepared using a 
gene (DNA) coding for that antigen in lieu of the HSV surface protein gene, according to the methods 
45 described above. 

The fused protein of the antigen used for vaccine and a lymphokine other than IL-2 can be prepared 
using a gene coding for the antigen and a gene coding for the lymphokine, according to the methods 

described above. . 
When the virus is a partially or completely single-stranded virus, a double-stranded DNA which is 
so obtained by conversion with DNA polymerase can be used. When the virus is an RNA virus, there can be 
used a double-stranded DNA which is obtained by synthesizing a single-stranded DNA by using a reverse 
transcriptase and then converting the single-stranded DNA with DNA polymerase. 

The host used for expression of the recombinant DNA may be a procaryotic cell such as Escherichia 
coll or Bacillus . However, in order to improve the immunogenicity of the antigen-lymphokine fused proteins 
55 obtained, a eucaryotic cell is advantageously used as described above. 

The protein simultaneously containing the antigen used for vaccine and the lymphokine can be obtained 
by combining 2 kinds of proteins by chemical methods as described below, in addition to the above genetic 
engineering technique. Namely, for the purpose of chemically combining the antigen used for vaccine with 
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the lymphokine, there can be utilized substituent groups existing in these proteins, such as ammo, carboxyl, 

hydroxyl and sulfhydryl groups. For example, the following methods are used. 

(1) A reactive amino group of one protein is condensed with a react.ve carboxyl group of the other 
protein by dehydration in a water-soluble solvent, using a water-soluble carbodiimide reagent such as 1 - 
ethyl-3-(3-dimethylamino- propyD-carbodiimide or 1 -c y clohex y l-3-(2-morpholinoethyl)- carbod„m.de-p- 

STreacte" amino group of one protein is reacted with a reactive ester of N-hydroxysuccimide such as 
'pmaleimidomethylcydohexane-1-carboxyl-N-hydroxysuccimide ester or ^al^rf«pro^ 
uccimide ester to maleimidate the protein, and then the resulting product ,. comb.n^ w.th a sulfhydryl 
group of (i) a protein obtained by reducing the other protein with dithiothreitol (DTT or («) a ote n 
obtained by introducing a sulfhydryl group in the other protein with N-sucamidyWpyndyUh.o)- 
propionate (SPDP), to combine.them through a thioether bond. 

(3) Both reactive amino groups of two kinds of proteins are combined w,th each other by using a 
dialdehyde reagent such as succindialdehyde or glutaraldehyde. 

(4) Sulfhydryl groups are introduced in two kinds of proteins by reduction with DTT or by SPDP, followed 
by reoxidation to produce a heterodimer. 

Also, a desired heterodimeric protein can be efficiently produced by various combinations of these 
methods so that the activitoes of two kinds of proteins are not reduceo. 

After the completion of the combining reactions described above, the resulting hybrd protems. can be 
purified and separated by gel filtration chromatography using Sephadex G100 or G200 Sepharose 6B o 
4B, Ultrogel AcA44 or 34, or Sephacryl S200. Further, the proteins can also be separated by a combination 
with affinity chromatography using an antibody column. ♦„ 

The antigen-lymphokine fused proteins or the antigen-lymphokine hybnd proteins obtained according to 
the present invention have stronger immunogenic^ than the antigens not fused or comb.ned with the 
lymphokines. This results from the fact that the antigen . and the lymphokine s.multaneously stimulate 
lymphocytes to promote efficiently the differentiation and proliferation of the lymphocytes, because of the 
presence of the antigen and the lymphokine in the same molecule. As a result, the product.cn of ant.bod.es 
to the antigens is significantly enhanced. In addition, the antigen-lymphokine proteins can also .nduce cell- 
mediated immunity. Accordingly, these proteins are particularly useful as therapeutic vaccines for virus 
infectious diseases obsen/ed in patients whose immunological function is lowered (for example, canc.r 
patients and AIDS patients), and as therapeutic vaccines for prevention of recurrence diseases due to 
viruses inducing persistent infection (for example, herpesviruses, retroviruses and hepatrbs v,ruses). Of 
course, the antigen-lymphokine proteins can also be advantageously used as preventive vaccines for 
prevention of infection with viruses, pathogenic protozoa and pathogenic bacteria. 

' The antigen-lymphokine proteins obtained according to the present invention can be (intramuscularly, 
subcutaneously or intracutaneously) administered in accordance with administration methods of vanous 

, A! t : ^«^««r. , M .i+h wimcoc nathnnpnic orotozoa and pathogenic bacteria, in 

vaccines useu iui pieveimun w &^u^.. . ( *- 

addition these proteins can also be intravenously administered. Further, the antigen-lymphok.ne pro terns 
can be used as themselves alone, as mixtures of them with conventional pharmaceutical^ acceptable 

carriers, and as liposomal preparations. ...... ^ the 

When bases, amino acids and so on are indicated by the abbreviates ,n this spec,f.cat.on and the 
drawinos, the abbreviations adopted by IUPAC-IUB Commissi on Biochemical Nomendat ure ^or com- 
monly "used in the art are employed. For example, the following abbreviations are used. When the opbcal 
isomer is capable of existing with respect to the amino acids, the L-form is represented unless otherw.se 
specified. 

DNA : Deoxyribonucleic acid 

cDNA : Complementary deoxyribonucleic acid 

RNA : Ribonucleic acid 

mRNA : Messenger RNA 

A : Adenine 

T : Thymine 

G : Guanine 

C : Cytosine 

dATP : Deoxyadenosine triphosphate 
dTTP : Deoxythymidine triphosphate 
dGTP : Deoxyguanosine triphosphate 
dCTP : Oeoxycytidine triphosphate 
ATP : Adenosine triphosphate 
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EDTA : Ethylenediaminetetraacetic acid 

SDS : Sodium dodecyl sulfate 

DTT : Dithiothreitol 

Gly : Glycine (G) 
s Ala : Alanine (A) 

Val : Valine (V) 

Leu : Leucine (L) 

lie : Isoleucine (I) 

Ser ; Serine (S) 
w Thr : Threonine (T) 

Cys : Cysteine (C) 

1/2 Cys: Half cysteine 

Met : Methionine (M) 

Glu : Glutamic acid (E) 
T5 Asp : Aspartic acid (D) 

Lys : Lysine (K) 

Arg : Arginine (R) 

His : Histidine (H) 

Phe : Phenylalanine (F) 
20 Tyr : Tyrosine (Y) 

Trp : Tryptophan. (W) 

Pro : Proline (P) 

Asn : Asparagine (N) 

Gin : Glutamine (Q) 
25 Ap r : Ampicillin-resistant gene 

Tc r : Tetracycline-resistant gene 

ARS 1: Autonomous replication sequence 1 

With respect to the proteins of the present invention, a portion of the amino acid sequence may be 

modified, namely there may be addition, elimination or substitution by a different amino acid(s) as long as 
30 the immunogenicity is not lost. 

The present invention will hereinafter be described in detail with the following Reference Examples and 

Examples. It is understood of course that these Reference Examples and Examples are merely illustrative 

and are not intended to limit the scope of the invention. 

Transformant CHO-HDL-1-5 obtarned in Example 3 described below and bearing plasmid pHDLdhfrl 
35 was deposited with the Fermentation Research Institute, Agency of Industrial Science and Technology, 

Ministry of International Trade and Industry, Japan (FRI) under the accession number FERM BP-2506 on 

July 7, 1989. This microorganism was also deposited with the Institute for Fermentation, Osaka, Japan (IFO) 

under the accession number IFO 50192 on June 26, 1989. 

Transformant Escherichia coii DH1/pHSO BJ-1 bearing plasmid PHSD BJ-1 described in Reference 
40 Example mentioned below was deposited with the FRI under the accession number FERM BP-1784 on 

March 9, 1988. This microorganism was also deposited with the IFO under the accession number IFO 

14730 on February 23, 1988. _ 

Transformant Saccharomyces cerevisiae NA74-3A( P )/pGFE213 bearing plasmid pGFE213 described in 
Example 1 mentioned below was deposited with the FRI under the accession number FERM BP-2095 on 
45 October 11, 1988. This microorganism was also deposited with the IFO under the accession number IFO 
10460 on September 19, 1988. 

Animal cell SP-neo-HSD-39 described in Example 6 mentioned below was deposited with the FRI under 
the accession number FERM BP-2809 on March 16. 1990. This microorganism was also deposited with the 
IFO under the accession number IFO 50231 on March 1, 1990. 
so Animal cell SP-neo-HDL-245 described in Example 8 mentioned below was deposited with the FRI 
under the accession number FERM BP-2810 on March 16. 1990. This microorganism was also depos.ted 
with the IFO under the accession number IFO 50232 on March 1, 1990. 

Transformant Escherichia coli K12 DH1/pTB652 bearing plasmid pTB652 described in Example 5 
mentioned below was deposited~with the FRI under the accession number FERM BP-1373 on September 5, 
55 1986. This microorganism was also deposited with the IFO under the accession number IFO 14539 on 

August 29, 1986. _ , _ 

Transformant Esch erichia coli JM109/ P VGL4 bearing plasmid pVGL4 described in Example 15 rnen- 
tioned below was deposited witfTthe FRI under the accession number FERM BP-2977 on June 20. 1990. 
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This microorganism was also deposited with the IFO under the accession number IFO 15049 on June 13, 
1990. 



s Reference Example 1 



Preparation of Plasmid pHSG396SgD 



15 



A DNA coding for the 20 amino acid residues from the N-terminus of gD, namely the 73-bp DNA 
fragment shown in Fig. 8 was chemically synthesized, and inserted into vector pUC8 digested with BamHl 

and.Hindlll. . „ u , t . 

The resulting pUC8 BamHI-Hindlll73 was digested with BamHl and Ncol to obtain a 73-bp fragment. On 
the other hand, a Ncol-Sacl DNA fragment of about 1.28 kb was obtained from cloning plasmid pUClSgD 
having an Hindlll-Nrul fragment [plasmid pHSD BJ-1 (IFO 14730, FERM BP-1784 origin] of about 1.4 kb 
containing the gD-coding region of HSV. The above 73-bp fragment and the above Ncol-Sacl DNA fragment 
were reacted with a BamHI-SacI digest of plasmid vector pHSG396 (Takara Shuzo) to prepare subcloning 
plasmid pHSG396SgD. 



20 



zs 
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Reference Example 2 

(1) Preparation of Virus DNA of Varicella-zoster Virus, Kuzuhara Strain 

Flow 2000 cells (of human fetal lung origin) which were infected with varicella-zoster virus, Kuzuhara 
strain (VZV KY strain) were inoculated at 10:1 to a monolayer (1575 cm 2 ) of Flow 2000 cells, followed by 
incubation in GIT medium (Nihon Pharmaceutical) at 37* C. When at least 50% of the cells showed 
cytopathic effect, the cells were treated with trypsin-EDTA. and the infected cells were recovered, followed 
by centrifugation at low speed (1,500 rpm, 10 minutes) to remove a supernatant. To pellets of the resulting 
infected cells was added 0.3 ml of PBS (0.8% NaCI, 0.02% KC1, 0.115% NajHPCk. 0.02% KH 2 PO t , pH 7.2) 
to obtain 0.66 ml of a suspension. 

To the suspension was added 0.66 ml of low melting point agarose [1% low melting point agarose 
(FMC) 10 mM Tris HCI (pH 8.0), 1 mM EDTA), and the mixture was poured into a template (57 mm X 2 
35 mm X9 mm) to obtain an agarose block containing the infected cells. The agarose block was incubated in 
15 ml of lysis buffer [1% SDS, 100 mM EDTA, 20 mM NaCI. 10 mM Tris-HCI (pH 8.0), 1 mg/ml Proteinase 
IC at 37* C ovsmi-ht. The agarose block was transferred into a buffer which was prepared by removing 
SDS and Proteinase K from the above lysis buffer, and incubated overnight again. Then, the culture was 
allowed to stand in TE buffer (50 mM Tris-HCI, 500 mM EDTA, pH 8.0) at 4'C until it was subjected to 
40 electrophoresis. 

The above agarose block containing virus DNA was embedded in a 1% agarose gel (1% GTG agarose 
(FMC) 89 mM Tris-borate, 89 mM boric acid. 2 mM EDTA (pH 8.0)], and electrophoresis was carried out 
by using a pulsed field gel electrophoresis apparatus (LKB) at 240 V at a pulse of 60 sec for 18 hours. 

After electrophoresis, the gel was stained in 0.5 ng/ml ethidium bromide solution, and the virus DNA 
45 which appeared near 120 kb was cut out together with the agarose gel. The agarose gel was immersed in 
30 ml of TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0), and allowed to stand at 4 C for 2 hours. Then, 
the TE buffer was exchanged for a fresh one. After standing for 2 hours, the buffer was exchanged for a 
fresh one once more, followed by standing overnight. The agarose gel was washed with TE buffer once, 
and then immersed in 30 ml of a restriction enzyme reaction solution [10 mM Tris-HCI (pH 7.5), 7 mM 
so MgClj, 100 mM NaCI, 7 mM 2-ME(mercaptoethanol), 0.01%BSA (bovine serum albumin)], followed by 
standing at 4*C for 2 hours. After this reaction solution was exchanged for a fresh one (10 ml), 1,200 units 
of restriction enzyme Hindlll (Takara Shuzo) was added thereto, followed by standing at 37 C for 5 hours. 

After the reaction, the Hindlll-digested virus DNA was electrically eluted from the agarose gel in a 
dialysis tube About 2 ml of the resulting eluate was concentrated to 200 ul by a Centricon (Am.con), ana 
55 ethanol was added thereto to precipitate the DNA. The precipitate was dissolved in 20 ul of restriction 
enzyme buffer (the same as described above in composition), and 10 units of Xbal and 10 units of Hindlll 
(Takara Skhuzo) were added thereto, followed by reaction at 37 "C for 2 hours. The resulting reaction 
solution was subjected to electrophoresis in a 0.7% GTG agarose gel (FMC) as it is. As a result, there were 
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detected fragments having a size similar to that reported by Davison et ai. [ J. Gen. Virol. 67 ( 1759 (1986)]. 



(2) Preparation of Plasmid Containing DNA Fragment of VZV, KY Strain 

s 

Of the Xbal-Hindlll-digested fragments of the DNA of the VZV, KY strain, which were obtained in (1), 
fractions of about 8 to 10 kb were cut out of the agarose gel and electrically eluted, followed by phenol 
treatment and ethanol precipitation. About 50 ng of the DNA fragments were mixed with about 30 ng of 
pl)Cl8 cleaved with Xbal and Hindlll, and the mixture was incubated in 25 ul of a reaction solution [66 mM 
to Tris-HCi, pH 7.6, 6.6 mM MgCI 2 , 10 mM dithiothreito!, 1 mM ATP, 20 units of T4 DNA ligase (Takara 
Shuzo)] at 16* C overnight. Then, using the resulting solution, Escherichia coli JM109 was transformed. 
Plasmids contained in a white colony which appeared on an agar plate containing 100 ug/ml ampictilin, 
0.2% X-gai and 10 mM IPTG were isolated by the alkali extraction method (T. Maniatis et al. t Molecular 
Cloning , Cold Spring Harbor Laboratory, U.S.A., 1982), and the size of the Xbal-Hindlll-digested fragments 
75 of cloned VZV DNA was examined by electrophoresis using a 0.7% agarose gel. A clone (pVHX7) into 
which a fragment of about 8.5 kb was inserted was selected, and the restriction map of the fragment was 
prepared. As a result, the map was similar to that reported by Davison et ai., and it was anticipated that the 
fragment would contain a glycoprotein gpl gene (Fig, 16-1). 

A 5.2 kb fragment obtained from the Xbal-Smal digests of the above fragment was subcloned into the 
20 Xbal/Smal site of pUC18 to prepare pCU18gpl (Fig. 16-1). 

With respect to insert of pUClBgpl, the nucleotide sequence of the region of about 2.1 kb from the 
smal site was determined by the dideoxynucleotide synthetic chain termination method. The results showed 
that a VZVgpl protein was coded in the above region (Fig. 17). 

An amino acid sequence deduced from the above nucleotide sequence is shown in Fig. 17. The 
25 nucleotide sequence of the above region was very similar to that reported by Davison et af. However, there 
were observed mutations in four bases [T of No. 196 (this invention) - C (Davison); C of No. 276 — T; T of 
No. 1969 — C; and T of No. 2040 — lacking] (mutation in one amino acid: the 40-position is Thr in the 
report of Davison, but lie in this invention). 
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(3) Construction (I) of Plasmid for Expression of VZVgpl Gene: Construction of Truncated gpl Transient 
Expression Plasmid 

(i) pUCl8gpl (Fig. 16-1) was digested with Aval and Ncol to isolate a 0.35-kb fragment from -53 to 
35 +293 of a translation initiating codon of gpl. pUCl9Nco which was obtained by inserting an Ncol linker 
(Pharmacia) into the smal site of vector pUC19 was cleaved with Ncol and BamHI. The resulting vector was 
ligated to the above 0.35-kb Ncol-Aval fragment with T4 DNA ligase once, followed by reaction with BamHI, 
Aval and T4 DNA ligase in order. Finally, ring closure was conducted with T4 DNA ligase to prepare 
pUCl9gplNco (Fig. 16-2). 

40 pUCl9gplNco was reacted with xbal, Klenow fragment E. coli DNA polymerase I (Klenow polymerase) 
and Kpnl in order to open the ring. Thus, a 0.35-kb fragment was obtained. On the other hand, pUC18Nhe 
which was prepared by inserting an Nhe linker into pUCl8 was reacted with EcoRI, Klenow DNA 
polymerase and Kpnl in order to obtain a ring-opened vector. The resulting vector was ligated to the above 
0.35-kb fragment with T4 DNA ligase to prepare pUC18NhegplNco (Fig. 16-2).. 

45 (ii) pUC18gpl was digested with smal and Ncol to obtain a 1.8-kb fragment, and pUCl8NhegplNco was 
reacted with Nhel, Klenow DNA polymerase and Ncol in order to obtain a 3.1-kb vector. The above 1.8-kb 
fragment was ligated to the above 3.1-kb vector with T4 DNA ligase to obtain plasmid pUCi8gplSma (Fig. 
16-3). 

The plasmid PUC18gPlSma was cleaved with EcoT22l and the termini of the cleaved fragment were 
so changed to flush ends, followed by insertion of an Nhel linker to obtain plasmid pUC18NhegptEcT (Fig. 16- 
3). 

(iii) The plasmid pUC18NhegplEcT was digested- with Xbal to obtain a 2.1-kb fragment, and this 
fragment was treated with Klenow DNA polymerase. On the other hand, pTB70l [a vector which was 
obtained by removing a c kinase gene from pTB652, Ono et aU Science 236 , 1116-1120 (1987)] was 

55 cleaved with EcoRI, followed by treatment with Klenow DNA polymerase to obtain a vector. The above 
fragment treated with Klenow DNA polymerase was ligated to the resulting vector with T4 DNA ligase to 
prepare expression plasmid pTBgplEcT (Fig. 16-4). 

(iv) pUCl8gpl was cleaved with Smal and Sacl, and the portion of about 0.45 kb on the 3 -terminal side 
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of the qpl gene was digested with exonuclease III. Then, the resulting fragment was treated with mung bean 
nuctase and Klenow DNA polymerase to change the termini thereof to flush ends, followed by nng closure 
with T4 DNA ligase to prepare pUC18SS60 (Fig. 16-5). „ „ , . * . tk. 

PUC18SS60 was deaved with Kpnl and partially digested with EcoR, to obtain a 3-tt 
termini of this fragment were changed to flush ends with T4 DNA polymerase and an Nh. M«* *r (New 
England Biolabs) was ligated thereto, followed by trimming with Ncol and Nhel to WJ^«* 
fragment. The resulting fragment was ligated to a vector which was obtained by cleaving pUClSNhegplEcT 
with Ncol-and Nhel to prepare pUC18gplSS60 (Fig. 16-5). 

(v) P UCl8gplSS60 was partially digested with EcoRI. and DNA fragments each of which wa cleaved 
only t one portion were recovered. Then, the fragments were treated with Kleno. , DNA polymerase 
Si by ring closure with T4 DNA ligase. From these was selected clone pUC18SS60-E7 ,n wh,ch the 
EcoRI site derived from pUCl 8 in pUC1 8SS60 disappeared (Fig. 1 6-6). 

The termini o. a 2.7-kb fragment obtained by treating PUC18SS60-E7 1with Xba were = ^d to fl 
ends with Klenow DNA polymerase. On the other hand, pTB701 was ceaved wrth Ecoffl an , then t 
termini of the fragment were changed to flush ends with Klenow DNA polymerase to bta, a vect The 
above fragment was ligated to the resulting vector to prepare expression plasmid pTBg P IE7-17 (F,g. 16-6). 

(4) Construction (II) of Plasmid for Expression of VZVgpl Gene : Construction of Truncated gpl Stable 
Expression Plasmid 

Expression plasmid pTB564 of a hamster dihydrofolate reductase (hDHFR) was digested with Clal to 
obtafa 1 9-kb fragment The termini of the resulting fragment were changed to flush en s , wrth Klenow 
DNA ligase. The expression plasmid P TB564 was prepared by ligating a 0.9-kb fragment a 2.4-kb fragment 
and a 0.8-kb fragment to one another with T4 DNA ligase, which were obtained by digest. ng pTB348. 
PTB399 and pTB401 [H. Sasada et al., Cell Structure and Fu^iction 12 . 205 (1987)] with Pstl and BamH 
Sail and BamHI, and Sali and Pstl, resp^tivT^tFi-other hand, pTBgPIE7J7 was cleaved with Sal 
and then the termini of the fragment were changed to flush ends with Klenow DNA polymerase to ottam a 
vector. The above fragment was ligated to the resulting vector to prepare expression plasmid P TBE7dhfr4 
(Fig. 16-7). 



Example 1 



Construction of HSV-1 Truncated gD Gene 

The plasmid vector P HSG396SgD (Reference Example) having the HSV-1 strain MiyamagO gene was 
digested with restriction enzymes Xhol and Xbal to obtain a DNA fragment of about 1. 3 kb, ollowed by 
further digestion with restriction enzyme Hinfl to obtain an Xhol-Hinfl fragment of about 0.91 b^ A 2-bp 
DNA fragment shown in Fig. 9 containing a stop codon was chemically synthes,zed. and reacted with the 
above xll-HInf, fragment and an Xhol-Sacl digest of plasmid vector P HSG397 (Takara Shuzo) to prepare 
subcloning plasmid pHSG397SgDAHinf. The resulting plasmid was digested with restriction enzymes Xhol 
and Sad to obtain an Xhol-Sacl DNA fragment of about 0.92 kb. The fragment thus obtamed was reacted 
with an Xhol-Sacl digest of the plasmid PGFE213 (IFO 10460, FERM BP-2095 origin) descnbed ,n 
Japanese Paten, Application No. 63-180114/1988 and Reference Example 1 of Japanese Patent Application 
No. 63-317546/1988 to obtain expression plasmid pHSD104AHinf (refer to Fig. 9). 



Example 2 

r;^,^ nf r^n. Fission Plasmid for Fused Protein Composed of HS\M Truncated gD and jig 

The subcloning plasmid P HSG397SgDAHinf constructed in Example 1 ™ 
Klenow fragment was allowed to react on the digest, followed by insertion o. an EcoR. I n r P^AATTc^) 
(NEB) to obtain P HSG397SgDAHinfE. The resulting plasmid was digested wrth Hinfl to obtain a DNA 
ragme o out 0.95 kb. on which a Klenow fragment is allowed to react, followed by add.tion or an Nhel 
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linker (pCGCTAGCG) (Pharmacia) using T4 DNA ligase (Takara Shuzo). The resulting fragment was further 
digested with EcoRI and Nhei to obtain an EcoRI-Nhel fragment of about 0.9 kb coding for truncated gD 
lacking 94 amino acid residues from the C-terminus. 

Then, animal ceil expression plasmid pTB399 [Japanese Patent Unexamined Publication No. 61- 

5 63282/1986, R. Sasada et aL Ceil Structure and Function 12 , 205 (1987)] of human interleukin 2 awas 
digested with EcoRI and HindllTto obtain a fragment, which was further digested with HgiAl to obtain a 
fragment of about 0.45 kb. T4 DNA polymerase was allowed to react on the fragment thus obtained, 
followed by addition of the above Nhel linker. The resulting fragment was further digested with BamHI and 
Nhel to obtain an Nhel-BamHI fragment of about 0.43 kb containing the coding region of mature human 

io interleukin 2. 

The two fragments described above were reacted with a fragment of about 3.9 kb obtained by EcoRI- 
Bglll digestion of pTB399 to obtain an expression plasmid pHDL201. 

Further, in order to express the above fused protein in CHO cells and to enable gene amplification, a 
DNA fragment containing a fused gene of IL-2 and truncated gD of about 2.9 kb which was obtained by 
is digesting the plasmid pHDL20l with Clal was inserted into the Clal site of dihydrofolate reductase (DHFR) 
gene expression plasmid pTB348 (refer to Japanese Patent Unexamined Publication No. 61-63282/1986) to 
obtain plasmid pHDLdhfrl (refer to Fig. 10). 

The nucleotide sequence of the resulting fused gene is shown in Fig. 1 1 , and the amino acid sequence 
deduced therefrom is shown in Fig. 12. 

20 

Example 3 



' 25 - Gene Expression of Fused Protein Composed of HSV-1 Truncated gD and IL-2 in Animal Cell 



Using the plasmid pHDLdhfrl constructed in Example 2, CHO ceil DHFR" strain [G. Urlaub and L. A. 
Chasim, Proc. Natl. Acad. Sci. U.S.A. 77 , 4216-4220 (1980)] was transformed by the calcium phosphate 
method [C~M. GoTmarTeF alT ScTence" 221 551-553 (1983)] to obtain a transformant which was converted to 
30 DHFR*. 

The resulting transformant CHOHDL-1-5 (IFO 50192, FERM BP-2506) was cultivated in Dulbecco MEM 
medium (Gibco) containing 10% fetal calf serum (Whittaker M. A. Bioproducts) so as to become confluent. 
Then, the medium was exchanged for a methionine-free medium, and 25 uCi/ml of 35 S-methionine was 
added thereto, followed by cultivation overnight. 

35 ' After a supernatant of the culture was recovered, 5 ul/ml of supernatant of rabbit anti-HSV-1 (Macintyre) 
serum (Dakopatt) or 10 at/ml of supernatant of rabbit anti-human IL-2 serum was added to the supernatant, 
followed by cultivation at 4' C for 2 hours. Then, protein A-Sepharose (Pharmacia) was added thereto, and 
cultivation was further carried out at 4* C for 2 hours, followed by centrifugation to recover a precipitate. The 
precipitate was washed with a buffer containing 0.05% NP-40, and Laemmli buffer was added thereto, 

40 followed by heating at 100* C for 5 minutes. After cooling, a supernatant was recovered by centrifugation 
and subjected to SDS-polyacrylamide gel electrophoresis. After electrophoresis, the gel was dried, and 
subjected to autoradiography. As a result, it was revealed that a product of about 45 to 60 k daltons which 
was reactive to both anti-HSV-1 and anti-IL-2 antibodies was produced. 

■ Example 4 



Detection of IL-2 Activity in Expressed Product of Gene Coding for Fused Protein Composed of HSV-1 
so Truncated gD~and TE72 

With respect to the culture of the transformant in which the expression of the fused protein composed 
of truncated gD and human IL-2 was observed in Example 3, the IL-2 activity was measured by the 
modified MTT method [H. Tada et ai., J. Immunol. Methods 93 . 157 (1986)], using IL-2-dependent cell 
55 strain NKC3. 

As a result, the IL-2 activity was only detected in the culture supernatant of the cell in which the fused 
gene was introduced. 
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Example 5 

Construction of Plasmid for Expression of HSNM Truncated gD Gene in Myeloma Cel| 

5 The plasmid P HSG397SgDAHinfE constructed in Example 2 was digested with restriction enzyme 
EcoRI to obtain a fragment of about 0.9 kb coding for truncated gD. The fragment thus obtained was 
inserted into the EcoRI site of pTB701 [a vector obtained by removing a C-kinase gene rem pton.d 
PTB652 described in Ono et at, Science 236 , 1116-1120 (1987)], thereby obtaining a truncated gD 

,o expression plasmid P HSD207 having-alol^ terminal report and the early promoter of SV40. 

• Then, plasmid pMAMneo (Clontec) having a neomycin-resistant gene was digested wrth BamHI to 
obtain a fragment of about 2.8 kb containing the early promoter of S.V40, the neomyc,n-res. S tant gene and a 
y d nyln site. This fragment was subcloned to the 8amH, site of pHSGK (Takara S uzo fo owe 
oyfurthJ digestion with restriction enzymes Clal and Sail to obtain a CU-S. 

J5 containing the neomycin-resistant gene. The resulting fragment was reacted wrth a Clal- Sal I diges about 
5.1 kb) of the above plasmid pHSD207 to obtain an expression P lasm,d pHSDneol of about 7.9 kb (refer to 
Fig. 13). 

20 Example 6 

Expression of HSV-1 Truncated gD Gene in Myeloma Cell 

25 Using the plasmid pHSDneol constructed in Example 5, mouse myeloma cell Sp2/0-Ag14 (Dainippon 
Pharmaceutical) was transformed by electroporation using a Gene Pulser (Bio-Rad). followed by cultiva on 
in RPMI1640 medium (Gibco) containing 400 ug/ml of G418 (Gibco) and 10% fetal calf serum to obtain 
G418-resistant transformants. A culture supernatant of the transformants was screened according to an 
enzyme immunoassay by a sandwich method using a microplate (Nunc) coated with rabbit ant.-HSV-l 

30 serum (Dakopatt) and biotinyl anti-HSV-1 & -2 antibody (Chemicon) to obtain clones in which truncated gD 

■^S^ang high expression clone SP-neo-HSD-39 was cultivated in RPMI1640 medium (Gibco) 
containing 10% fetal calf serum (Whittaker M. A. Bioproducts), and then the medium was exchanged for a 
methionine-free medium, and 25 uCi/ml of ^S-methionine was added thereto, followed by cutt.vat.on 

M Ater'a supernatant of the culture was recovered, 5 ul/ml of supernatant of rabbit anti-HSV-1 serum 

v . . ..j i, ;««,h»tiaH at A C. fnr ? hours, followed bv 

(Dakopatt) was added to me supernaiam, aim uio ..«- - ■ - ■-■ - . 

centrifugation to recover a precipitate.' The precipitate was washed with a buffer containmg 0.05/o NP-40, 
and Laemmli buffer was added thereto, followed by heating at 100 C for 5 m.nutes After coohng, a 
40 supernatant was recovered by centrifugation and subjected to SDS-polyacrylamide gel electrop oresis 
After electrophoresis, the gel was dried, and subjected to autoradiography. As a result, * was revealed that 
a product of about 40 to 50 k daltons which was reactive to an anti-HSV-1 antibody was produced. 



45 Example 7 

Co£isjn£tion of Gene Expression Plasmid Fused Protein Composed of HS\M Truncated gD and IL-2 in 

Myeloma Cell 

The plasmid pHDL201 constructed in Example 2 was digested with restriction enzymes Sail and EcoRI 
to obtain a fragment of about 3.9 kb containing a fused gene composed of truncated gD and IL-2 On the 
other hand, the truncated gD expression plasmid pHSDneol having the neomycin-resistant gene in Example 
5 was digested with Sail and EcoRI to obtain a fragment of about 4.4 kb containing the neomyc^n-res, stant 
ss gene. These two fragments were reacted with each other to obtain expression plasm,d pHDlneol of the 
truncated gD-IL-2 fused gene having the neomycin-resistant gene (refer to Fig. 14). 
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Example 8 

Gene Expression of Fused Protein Composed of HSV-1 Truncated gD and IL-2 in Myeloma Cell 

Using the plasmid pHDLneoi constructed in Example 7, mouse myeloma cell Sp2/0-Ag14 (Dainippon 
Pharmaceutical) was transformed by electroporation using a Gene Pulser (Bio-Rad), followed by cultivation 
in RPMI1640 medium (Gibco) containing 200 ug/ml of G418 (Gibco) and 10% fetal calf serum to obtain 
G4l8-resistant transformants. A culture supernatant of the transformants was screened according to an 
enzyme immunoassay by a sandwich method using a microplate (Nunc) coated with rabbit anti-HSV-1 
serum (Dakopatt) and biotinyl anti-HSV-1 & -2 antibody (Chemicon) to obtain clones in which truncated gD 
was expressed. 

Of the clones, Sp-neo-HDL-245 relatively high in expression amount was cultivated in serum-free 
medium ASF104 (Ajinomoto), and 1 ml of a supernatant thereof was concentrated # by Ultrafree PF 
(Millipore). Then, Laemmli buffer was added thereto to 50 ul. followed by heating at 100 C for 5 minutes. 
After cooling, SDS-poiyacrylamide gel electrophoresis was conducted, and further the western blotting 
method was carried out using rabbit anti-HSV-1 serum (Dakopatt) and rabbit anti-human IL-2 serum 
(Genzyme). As a result a band recognized by all antibodies was specifically detected. 



Example 9 
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Expression of HSV-1 Trucated gD Gene in Animal Cell 



Expression plasmid pHSDdhfrl of HSV-1 truncated gD gene for animal cells was prepared as described 
in Reference Examples 1 and 2 and Example 1 of Japanese Patent Application No. 1-233728/1989, and 
transformant CHO-HSD-1-7 was obtained as described in Example 2 of the same application. The details 
thereof will hereinafter be described. 

The plasmid pHSG397SgDAHinf shown in Example 1 was digested with Xhol and Sacl. and then T4 
DNA polymerase was allowed to react on the digest to obtain a fragment of about 0.9 Kb containing the 
truncated gD gene, both ends of the fragment being flush. 

Then, plasmid pTB399 [Japanese Patent Unexamined Publication No. 51 -63282'! 986; R. Sasada et ai., 
Cell Structure and Function 12 , 205 (1987)] was digested with restriction enzymes EcoRI and Bglll, and 
as thin T4 DNA p^rnerase waTallowed to react on the digest to obtain a fragment of about 3.9 Kb both enas 
of which are flush. The resulting fragment was reacted with the above fragment containing truncated gD in 
the presence of T4 DNA iigase to obtain expression plasmid pHSD209. 

Then in order to express the gene in CHO cells and to enable gene amplification, a fragment of about 
2 4 kb which was obtained by digesting the plasmid pHSD209 with restriction enzyme Clal was inserted 
into the Clal site of plasmid pT8348 (refer to Japanese Patent Unexamined Publication No. 61-63282/1986) 
to obtain plasmids pHSDdhfrl and pHSDdhfr2. 

Using the plasmid pHSDdhfrl, CHO cell DHFR" strain [G. Urlaub and L A. Chasim, Proc. Natl Acad. 
Sci. U.S.A. 77 , 4216-4220 (1980)] was transformed by the calcium phosphate method [C. M. Gorman et al. 
Science22f7 551-553 (1983)] to obtain a transformant which was converted to DHFR . 



Example 10 



so Purification of HSV-1 Truncated gD (t-gD) 

The transformant CHO-HSD-1-7 obtained in Example 9 was cultivated in serum-free medium ASF104 
(Ajinomoto) so as to give a confluent state. Then, 5 1 of the culture supernatant was dialyzed against 20 
mM Tris-HCI (pH 8.0) buffer, followed by addition of ammonium sulfate to obtain a 20% saturated 
55 concentration. The resulting solution was subjected to a Butyl-Toyopearl column (100 ml in bed capacity 0 
26 X 19 cm) equilibrated with 20% saturated ammonium sulfate/20 mM Tris-HCI (pH 8.0) buffer, and then 
the column was washed with the same buffer. Subsequently, t-gD was eluted by a concentration gradient 
(totaled 800 ml) from 20% to 0% ammonium sulfate. t-gD fractions (70 ml) eluted at saturated ammonium 
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sulfate concentrations of about 3 to 5% were concentrated to 4 ml with an ultrafiltration membrane (DIAFLO; 
Amicon). The resulting solution was subjected to a Sephacryl S-300 column (198 ml in bed capacity, 0 1.6 
X 98.5 cm) equilibrated with PBS, and t-gD fractions were collected as a purified sample (3.5 mg/16 ml). 

s 

Example 1 1 



Purification of Fused Protein (t-gD-IL-2) Composed of HSV-1 Truncated gD and IL-2 



The transformant CHO-HDL-1-5 obtained in Example 3 was cultivated in serum-rree medium ASF104 
(Ajinomoto) so as to give a confluent state. Then, 5 I of the culture supernatant was dialyzed against 20 mM 
Tris-HCI (pH 8.0) buffer, followed by addition of ammonium sulfate to obtain a 20% saturated concentration. 
The resulting solution was subjected to a Butyl-Toyopearl 650 column (100 ml in bed capacity, 0 2.6 X 

rs 19cm) equilibrated with 20% saturated ammonium sulfate/20 mM Tris-HCI (pH 8.0) buffer, and then the 
column was washed with the same buffer. Subsequently, t-gD-IL-2 was eluted by a concentration gradient 
(totaled 800 ml) from 20% to 0% ammonium sulfate. t-gD fractions (70 ml) eluted at saturated ammonium 
sulfate concentrations of about 0% were concentrated to 4 ml with an ultrafiltration membrane (Amicon). 
The resulting solution was subjected to a Sephacryl S-300 column (198 ml in bed capacity, 0 1.6 X 98.5 

20 cm) equilibrated with PBS, and t-gD-IL-2 fractions were collected as a purified sample (2.8 mg/14 ml). 
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Example 12 

Immunogenic^ of Fused Protein (t-gD-IL-2) Composed of HSV-1_ Truncated gD and IL-2 
(1) Determination of Anti-HSV Antibodies 



30 



40 



Each of truncated gD (t-gD) obtained in Example 10 and t-gD-IL-2 obtained in Example 11, alone or 
adsorbed on alum adjuvant (final concentration 0.5 mg/ml, pH 7.0), was abdominally subcutaneously 
administered in an amount of 0.2 ml/mouse to BALB/c mice (female, 6 weeks old, Charles River). After 5 
weeks, blood was collected and serum samples were prepared. The anti-HSV .antibodies were determined 

as by the following method. 

An inactivated HSV-coated microplate of a human anti-HSV antibody determination kit (Herpes Stat, 

iA,ui«.i a:~~~*..~*« i „♦ Kin nno7n«\ hinrknii with PBS containina 20% FCS at room temperature for 

2 hours followed by washing 3 times with PBS containing 0.05% Tween 20 (PBS-Tween). To this plate was 
added 100 ul/well of the serum sample diluted with 20% FCS/40 mM Tris-HCI (pH 7.5)/5% NaCI/0.05% 
Tween 20, followed by incubation at room temperature for 1 hour. The plate was washed 6 times with PBS- 
Tween and then 100 ul of a 1.000-fold dilution of a peroxidase-labeled anti-mouse IgG antibody (HPR- 
conjugated rabbit X mouse IgG (H + L], Zymed Laboratories. Lot No. 80801651) was added to each well, 
followed by incubation at room temperature for 30 minutes. The plate was washed 6 times with PBS-Tween, 
and then 100 ul of a substrate solution [2 mg/ml o-phenylenediamine/0.02% H 2 O 2 /0.1 M citrate buffer (pH 
4.5)] was added to each well, followed by reaction for 10 minutes. After 200 ul of 2N sulfuric acid was 
added to each well to terminate color development, the absorbance was measured at 492 nm. (2) 
Comparison of Antibody Productivity of t-gD with That of t-gD-IL-2. 

The titer of the anti-HSV antibody in the serum sample was calculated using mouse anti-gD monoclonal 
antibody M42 [Kofi Inoue, Osaka University Medical Magazine 36-(No.4), 69 (1987)1 as a standard antibody 
in the following manner. Theantibody titer of the M42 antibody (1.9 mg/ml) was arbitrarily defined as to 
1900 mil/ml, and the titer of the anti-HSV antibody was determined from the ratio of the dilution of M42 
giving the 50% value (about 1) of the maximum absorbance (i 2.0) given by the 4-fold dilution of M42 to 
that of the serum sample. Mean values for groups each consisting of 10 mice are shown in Table 1. 
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Table 1 



5 







Antibody titer 
(mU/ml) 


Antigen 


Dose 


Alum (-) 


Alum 
< + ) 


t-gD 


0.35 




76 


1.7 


<5 


228 


t-gD-IL-2 


1.0 




513 


5.0 


285 


1,653 


Control 






<5 



As apparent from Table 1, when the antigen was administered alone [Alum (-)], t-gD could hardly 
induce the antibody. However, t-gD-IL-2 significantly exhibited the antibody productivity. These results 
revealed that IL-2 combined with t-gD achieved a strong adjuvant activity. When the Alum adjuvant was 
ussd [Alum ( + )], it was observed that t-gD produced the antibody (228 mU/ml on administration of 1.7 ug). 
However, the high antibody titer was obtained by t-gD-IL-2 (513 mU/ml on administration of 1.0 ug), and the 
effect of IL-2 addition was observed. 
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Example 13 

Immunogenic^ of Fused Protein (t-gD-IL-2) Composed of HSV-1 Truncated gD and IL-2 
(1) Determination of Anti-HSV Antibodies 



Each of truncated gD (t-gD) obtained in Example 10 and t-gD-IL-2 obtained in Example 11, alone, 

35 mixed with equimolar human recombinant IL-2 (rlL-2; 1.21 mg/ml, Takeda Chemical Industries, Lot No. H- 
609-035) or adsorbed on alum adjuvant (final concentration 0.5 mg/ml, pH 7.0), was abdominally sub- 
cutaneously administered in an amount of 0.2 ml/mouse to BALB/c mice (female. 8 weeks old, Charles 
River). After 5 weeks, blood was collected to prepare serum samples. When immunization was carried out 
twice, the antigen was administered again 4 weeks after the first administration, and blood was collected 2 

40 weeks after the second administration. The anti-HSV antibodies were determined by the following method. 

An inactivated HSV-coated microplate of a human anti-HSV antibody determination kit (Herpes State, 
Whittaker Byproducts, Lot No. 002706) was blocked with PBS containing 20% FCS at room temperature for 
2 hours, followed -by washing 3 times with PBS containing 0.05% Tween 20 (PBS-Tween). To this plate was 
added 100 ul/well of the serum sample diluted with 20% FCS/40 mM Tris-HCI (pH 7.5)/5% NaCI/0.05% 

45 Tween 20, followed by incubation at room temperature for 1 hour. The plate was washed 6 times with PBS- 
Tween, and then 100 ul of a 1,000-fold dilution of a peroxidase-labeled anti-mouse IgG antibody (HPR- 
conjugated rabbit X mouse IgG [H + L], Zymed Laboratories, Lot No. 80801651) was added to each well, 
followed by incubation at room temperature for 30 minutes. The plate was washed 6 times with PBS-Tween, 
and then 100 ul of a substrate solution [2 mg/ml o-phenylenediamine/0.02% H 2 O 2 /0.1 M citrate buffer (pH 

so 4.5)] was added to each well, followed by reaction for 10 minutes. After 200 ul of 2N sulfuric acid was 
added to each well to terminate color development, the absorbance was measured at 492 nm. 



55 



(2) Comparison of Antibody Productivity of t-gD with That of t-gD-IL-2 

The titer of the anti-HSV antibody in the serum sample was calculated using mouse anti-gD monoclonal 
antibody M42 [Koji Inoue, Osaka University Medical Magazine 36 (IMo.4). 69 (1987)] as a standard antibody 
in the following manner. Thi~in"tibody titer of the M42 antibody (1.9 mg/ml) was arbitrarily defined as to 
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1900 mU/ml and the titer of the anti-HSV antibody was determined from the ratio of the dilution of M42 
giving the 50% value (about 1) of the maximum absorbance (2 2.0) given by the 8-fold dilution of M42 to 
that of the serum sample. Mean values for groups each consisting of 10 mice are shown in Table 2. The 
range represented by = shows a standard deviation. 



Table 2 



Anfrinon /Hri^p\ 


Antibody titer 
(mU/ml) 


Control [PBS] 


7 


t-gD (1 ug) 


<15 


t-gD (5 ug) 


9 ± 4 


t-gD (1 ug) X 2 


1,018 i 1,833 


t-gD (1 ug) + IL-2 (0.25 ug) 


23 ± 29 


t-gD (5 ug) + IL-2 (1 .25 ug) 


35 z 38 


t-gD-IL-2 (1 ug) 


400 t 292 


t-gD-IL-2 (5 ug) 


692 t 442 


t-gD-IL-2 (1 ug) X 2 


46,183 ± 38,443 


t-gD (1 ug)-Alum (125 ug) 


341 ± 267 


t-gD (5 ug)"Alum (125 ug) 


481 t 451 



30 



35 



As apparent from Table 2, when the antigen was once administered alone (Alum-) t-gD could hardly 
induce the antibody. However, t-gD-IL-2 significantly exhibited the antibody productivity, even when ,t was 
administered once. When the mixtures of t-gD and equimolar rlL-2 were administered once, the shght 
antibody production was only observed. These results revealed that IL-2 combined with t-gD achieved a 
strong adjuvant activity. When the Alum adjuvant was used (t-gD-Alum). it was observed that t-gD produced 
the- antibody (341 mU/ml on administration of 1 ug and 481 mU/ml on administration of 5 ug). Compared to 
the antibody titers (400 mU/ml on administration of 1 ug and 692 mU/ml on administration of 5 ug) given by 
t-gD-IL-2. it was shown that the adjuvant effect due to IL-2 addition was not less than that of alum (125 
ug/mouse). 



40 



(3) Determination of Killer Activity. 



The killer activity was determined by the 5, Cr releasing method. The preparation of effector cells and 
the labeling of target cells with s 'Cr were performed according to the methods described in S. H.numa et 
al Immunology 159 . 251 (1986). Each of t-gD (5 ug), the mixture of t-gD (5 ug) and recombinant human 

45 IL-2 (rlL-2) (1.25 ug). and t-gD-IL-2 (5 ug) was dissolved in 200 ul of PBS, and the resulting solutions were 
abdominally subcutaneously administered to BALB/c mice (4 mice per group). After 5 weeks, spleens were 
obtained from the mice. The spleens were collected for each group containing a control group to prepare 
single cell suspension. For stimulation in vitro with HSV-1, HSV-1 strain Miyama having a plaque forming 
unit (PFU) of about 1 X 10 7 was added to 1.25 X 10 8 spleen cells, followed by incubation at 37 C for 1 

50 hour The stimulated cells were suspended in 50 ml of complete RPMI 1640 medium containing 10% FCS, 
and cultivated in a plastic flask (Nunc) in the presence of 5% CO* at 37* C for 5 days. When the cells were 
not stimulated with HSV-1, the cultivation was similarly conducted without addition of HSV-1 stra.n Miyama. 
After the cultivation, the cells were washed by centrifugation. The number of the viable cells was counted, 
and then the cells were used as the effector cells. • 

55 As the target cells, P388, a macrophage cell line of the BALB/c mouse, was used. 3X10 P388 cells 
were incubated with HSV-1 strain Miyama having a PFU of about 3 X 10' at 37 C for 1 hour to prepare 
HSV-1 -infected P388 cells. Then. 0.1 mCi sodium chromate solution was added to the HSV-1 -infected ana 
non-infected cells to label the cells with 5, Cr. 
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The spleen ceils were added to 1 X 10 A ;v Cr-!abeled P388 cells so as to give an effector cells/target 
cells ratio (E/T ratio) of 25 to 100, followed by cultivation on a U-type 96-well micropiate (Nunc) at 37 C for 
4 hours. The killer activity was calculated from the amount of 5: Cr liberated in the supernatant (200 ul). The 
determination was carried out twice, and the result was indicated by the mean value of the two 
determinations. Further, the HSV-1 specific 51 Cr-release (%) was calculated from the following equation: 
HSV-1 Specific 5l Cr-Release (%) = [ s ^Cr Release from HSV-1 -Infected P388 Cells (%)] -{ 51 Cr-Release 
from HSV-1 -Uninfected P388 Cells(%)] 

The results are shown in Table 3. The HSV-1 -specific and nonspecific killer activities were only 
observed when the spleen cells of mice to which t-gD-IL-2 was administered was stimulated in vitro with 
HSV-1. This shows that the cellular immunity to HSV-1 is induced by the administration of t-gD-IL-2. 

Table 3 



Induction of HSV-1 Specific and Non-specific Killer Activities by 
"Administration of t-gD-IL-2 



Administration in 


HSV-1 


HSV-1 


% z - 


Xr Release 


Vivo 


Stimulation 


Infection of 












Target 














ET Ratio 








25 


50 


100 


Control 






<1 


<1 


<1 






+ 


<1 


<1 


<1 




+ 




<1 


<1 


<1 






+ - 


<1 


<1 


<1 


t-gD 






<1 


<1 


N Da 








<1 


<1 


<1 




+ 




<1 


<1 


ND 






+ 


<1 


<1 


<1 


t-gD 






<1 


<1 


<1 


+ 




+ 


<1 


<1 


<1 


rlL-2 


+ 




ND 


ND 


ND 






+ 


<1 


<1 


ND 


t-gD-IL-2 






<1 


<1 


<1 




+ 


<1 


<1 


<1 




+ 




14.7 


19.7 


24.8 






+ 


26.5 


34.3 


38.7 








(11.8) b 


(14.6) 


(13.9) 



45 



a. ND: Not done 

b. HSV-1 specific 51 Cr releasing amount 



50 



(4) Protection against HSV-1 Challenge 



Mice were immunized with each of 1 ug of t-gD, 1 ug of t-gD-IL-2 and mixture of 1 ug of t-gD and 0.25 
ag of r!L-2, and protection against HSV-1 challenge in those mice was examined. Namely, each or the 
55 above antigens was administered to 8-week-old female BALB/c mice (a group consisting of 6 to 7 mice) in 
the manner described in the above item (1). After 5 weeks, 0.1 ml/mouse of HSV-1 (Miyama + GC strain) 
having a PFU of 2 X 10 5 was intraperitoneaily inoculated in the mice. After inoculation, observations were 
carried out for 17 days to determine the survival ratio of the mice. The results are shown in Fig. 15. The 
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figures in parentheses indicated the number of the mice used and the number of mice in which the 
symptoms due to HSV-1 infection were observed (the symptoms appeared in the mice or the mice died). 

In the control group (PBS) and the t-gD administration groups, the symptoms due to HSV-1 infection 
were observed in all mice. Even in the group (mixed) to which the mixture of t-gD and r!L-2 was 
administered, about half of the mice died. In contrast, in the t-gD-IL-2 administration group (fused), only one 
mouse died 11 days after the HSV-1 inoculation. 

These results show the effect of IL-2 addition to t-gD not only in antibody production, but also in 
protection against HSV-1 challenge. 

Example 14 - 



Preparation of Hybrid Protein Composed of HSV-1 Type Truncated gD and rlL-2 



(1) Maleimidation of HSV-1 Truncated gD 

1 mg of the HSV truncated gD obtained in Example 11 was dissolved in 2 ml of 5 mM acetate buffer 
20 (pH 5.0), and then 50 jllI of a bimolar N-(e-maleimidocaproyloxy)succinimide ester solution in dimetylfor- 
mamide was added thereto, followed by reaction at 30 'C for 20 minutes. The reaction mixture was 
subjected to a Sephadex G-25 column equilibrated with 0.1 M phosphate buffer (PB, pH 6.5) to remove the 
combined reagent. 



(2) Sulfhydrylation of IL-2 

1 mg of the rlL-2 prepared in Japanese Patent Unexamined Publication No. 61-63282/1986 was 
dissolved in 0.05 M PBS (pH 7.3), and then 50 ti\ of a bimolar SPDf solution in methanol was added 
30 thereto, followed by reaction at 30 ' C for 30 minutes. After reduction by addition of 50 u\ of 0.1 M aqueous 
solution of DTT, the resulting product was subjected to the Sephadex G-25 column described in the above 
item (1) to remove the excessive reagent. 



35 (3) Preparation of Antigen-ll-2 Hybrid Protein 

0.8 ml of the suifhydrylated IL-2 prepared in the above item (2) was slowly added to 0.8 mg of the 
maieimidated truncated gD antigen obtained in the above item (1), with stirring under ice cooling, followed 
by reaction overnight. The reaction mixture was subjected to a Sephacryl S-200 column to separate and 
40 remove unreacted proteins from a chemically combined hybrid protein. As a result, about 1.2 mg of the 
hybrid protein composed of truncated gD and rlL-2 which were chemically combined with each other was 
obtained. 



45 Example 15 



Construction of Gene Expression Plasmid for Fused Protein Composed of Truncated gpl of VZV (Kizuhara 
Strain) and IL^ 
so ' 

The plasmid pHDLneol which was constructed in Example 7 was partially digested with restriction 
enzyme Nhel, and a DNA fragment of about 7.9 kb which was cleaved only at one site of two Nhel sites 
' was isolated. The terminus thereof was changed to a flush end with T4 DNA polymerase. Then, the 
resulting fragment was digested with Nhel again, and a portion of the promoter and the gD region were 
55 removed to isolate a residual fragment (fragment (1)). 

A fragment .which was obtained by digesting the plasmid pUC18gpiSma containing the VZVgpl gene 
(Reference Example 2-(3)-ii) with restriction enzyme Xbai was rendered flush with Ktenow DNA polymerase, 
and then inserted into a vector which was obtained by digesting pTB70l (Reference Example 2-{3)-iii) with 
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restriction enzyme EcoRI, followed by rendering it flush with Klenow DNA polymerase. Thus, gpl expression 
piasmid pTBgplSma18 was constructed (Fig. 18). This piasmid was digested with restriction enzyme Eco52l 
to isolate a fragment coding for the amino acid sequence up to the 515th of gpl, and the termini thereof 
were changed to flush ends with T4 DNA polymerase. The resulting fragment was digested with restriction 

s enzyme Bgtll to isolate a 1.04-kb fragment (fragment (2)), 

Similarly, pTBgplSmal8 was digested with Nhel and Bglli to isolate a fragment of about 2.1 kb 
containing a portion of the promoter and a portion of gpl (fragment (3)). 

The above three fragments (1). (2) and (3) were ligated to one another with T4 DNA ligase to obtain 
gene expression piasmid pVGL4 for the fused protein composed of VZV truncated gpl and IL-2 (Fig. 18). 

10 Further, a fragment (containing an ASVLTR promoter) which was obtained by digesting the truncated 
expression piasmid pTBE7dhfr4 having the hamster dihydrofolate reductase (hDHFR) as a selected marker 
(Reference Example 2-(4)) with Nhel and Hindlll, a fragment (containing an hDHFR gene) which was 
obtained by digesting the piasmid pTBE7dhfr4 with Hindlll and Sail, and a fragment which was obtained by 
digesting pVGL4 with Nhel and Sail were ligated to one another with T4 DNA ligase to construct piasmid 

rs pVGLdhfrU (Fig. 19). 



Example 16 

20 

Gene Expression of Fused Protein Composed of VZV Truncated gpl and H-2 in COS-7 Cell 



The plasmids pVGL4 and pvGLdhfr11 which were constructed in Example 15 were introduced into 
COS-7 cells to examine transient expression. 

25 COS-7 cells (5 X 10 s cells /10 cm dish) were inoculated into 10 ml of Dulbecco's MEM medium (Gibco) 
containing 10% FCS, and after 18 hours, the cells were transfected with the above plasmids (20 ug/dish) in 
accordance with the method of Wigler et al. [ Cell 16, 777-785 (1979)]. After 24 hours, the resulting cells 
were incubated on Dulbecco's MEM medium (Gibco) containing 25 mM HEPES (Donin Chemical Labora- 
tory for 2 days. Then, 5 ml of the culture supernatant was concentrated to about 200 ul by a Centricut 

30 (Centricut 20, Kurabo Industries). 10 ul of this supernatant was mixed with 5 al of Laemmli buffer having a 
3-fold concentration [final concentrations: 62.5 mM Tris-HCl (pH 8.0), 2% SDS, 10% glycerol. 5% 2-ME, 
0.001% BPB], and the mixture was heated at 95* C for 5 minutes. This sample was subjected to 
electrophoresis using l0%-20% SDS polyacrylamide gels (Daiichi Kagaku). After electrophoresis, the 
sample was assayed by the Western blotting method using a mouse anti-gpl monoclonal antibody (which 

as was obtained from a hybridoma prepared by fusing a spleen cell of a BALB/c mouse immunized with a 
supernatant of VZV-infected cells disrupted by ultrasonication as an immunogen and mouse myeloma cell 
SP2 with polyethylene glycol) and a rabbit antHL-2 antibody (Genzyme). As a result, in the supernatants of 
the cells into which pVGL4 and .pvGLdhfrll were introduced, a band was detected for each of the ant-gpl 
antibody and the anti-IL-2 antibody (Fig. 20). On the contrary, in the supernatants of the cells as a- control 

40 into which pTBE7dhfr4 and pTBgplEcT (Reference Example 2*(3)-iii) were introduced, a band was only 
detected for the anti-gpl antibody. 

Further, IL-2 biological activity in each supernatant was examined in accordance with the method of 
Tada et al. [ J. Immunol. Methods 93 , 157-165 (1986)]. As a consequence, only when pVGL4 and 
pVGLdhfrU weTe introduced, the IL-2 - activity was observed in the supernatant. This revealed that IL-2 

45 which was fused with gpl had the biological activity (Table 4). 

Table 4 





Piasmid 


IL-2 Activity 


50 




(U/ml) 




Control 


Not detected 




pVGL4 


0.27 




pTBE7dhfr4 


Not detected 


55 


pVGLdhfrU 


0.14 




pTBgplEcT 


Not detected 
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Example 17 



20 



Construction of Gene Expression Piasmid for Fused Protein Composed of Human Immunodeficiency Vims 
s (HIV) gag Protein and IL-2 

m An Sail linker is added to a 5.1-kb Accll-Sall fragment containing the gag-pol region of HIV 
recombinant proviral clone pNL4-3 [Adachi- et aL. J. Virol, 59 . 284-291 (1 986); Gen'Bank R62.0 December 
1989, locus HIVNL43], and then the resulting fragment is inserted into the Sail site of pBR322 to prepare 

PiaS (2)\ P he B plasmid pTB770 is digested with restriction enzyme Xmnl to isolate a 0.43-kb fragment. This 
fragment is cleaved with BamHI, and then the cleaved fragment is inserted into pUC8 whose termini are 
chanqed to flush ends with T4 DNA polymerase to obtain subclone pUC8Xm3. 

The subclone P UC8Xm3 is digested with EcoRI and EcoT22l to isolate a 0.42-kb fragment (fragment 

0>) The piasmid pTB770 is digested with Bglll, and then the termini of the digested fragment is changed to 
flush ends with T4 DNA polymerase, followed by digestion with EcoT22l to isolate a 0.85-kb fragment 

^TaTmufpTBSOS [Sasada et al., Cell Structure and Function 13 , 129-141 (1988)] for secretory 
expression of EGF with the signal seqlSRcTotTE is digested with EcoRI and Sail to isolate a 1.9-kb 

fragment (fragment (3)). . . . 

The piasmid pHDLneol (refer to Example 5) is digested with Nhel, and then the termini of the digested 
fragment is changed to flush ends with T4 DNA polymerase, followed by digestion with Sail to isolate a 
3.0-kb fragment (fragment (4)). 

The above four fragments (1), (2), (3) and (4) are ligated to one another with T4 DNA Hgase to obtain 
expression piasmid pGAL2 to which genes each coding for the IL-2 signal sequence (containing the amino 
acid sequence up to Gin"), lie* to lie 1 " of the HIV gag protein and Ala' to Thr'« of IL-2 are ligated 
downstream from an A-MuLV LTR SV40 promoter (Fig. 21). 

(3) Further, in order to modify the piasmid which is obtained in (2) to a stable expression plasm.d, the 
30 neo gene of the piasmid pHDLneol is inserted into pGAL2. 

The piasmid pHDLneol is digested with Clal and Sail to isolate a 2.8-kb fragment. This fragment, a 3.6- 
kb fragment which is obtained by digesting pGAL2 with Clal and Bglll, and a 2.5-kb fragment which is 
obtained by digesting pGAL2 with Sail and Belli are ligated to one another with T4 DNA hgase to obtain 
expression piasmid pGALneo (Fig. 22). 

With respect to the piasmid obtained according to the above methods, the biological activity of the 
expressed product can be assayed in the same manner as Example 16. The antigenicity of the expressed 
product can be confirmed by Western blotting using an anti-gag antmoay (unemicon). 

It is understood that the examples and embodiments described herein, are for illustrative purposes only 
and that various modifications or changes in light thereof that will be suggested to persons skilled in the art 
are to be included in the spirit and purview of this application and the scope of the approved claims. 
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Claims 

45 1 A fused protein comprising an antigen used for vaccine and a lymphokine. 

2. A fused protein in accordance with claim 1, in which the antigen used for vaccine is fused with the 
lymphokine through a linker. 

3 A fused protein in accordance with claim 1, in which the lymphokine is interleukin 2. 

4 A fused protein in accordance with claim 3, in which the interleukin 2 is human-derived interleukin 2. 

so 5. A fused protein in accordance with claim 1, in which the antigen used for vaccine is a viral antigen, a 
pathogenic protozoal antigen or a pathogenic bacterial antigen. 

6. A fused protein in accordance with claim 1, in which the antigen used for vaccine is a herpesvirus 

7. A fosed protein in accordance with claim 6, in which the herpesvirus antigen is a herpes simplex virus 
55 antigen or a varicella-zoster virus antigen. , atmiini * 

8. A fused protein in accordance with claim 1, in which the antigen used for vaccine is a human retrovirus 

TTfused protein in accordance with claim 8, in which the human retrovirus antigen is a human 
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immunodeficiency virus antigen. 

10. A fused protein in accordance with claim 1, in which the antigen used for vaccine is a herpes simplex 
virus surface antigen. 

1 1. A fused protein in accordance with claim 10, in which the herpes simplex virus surface antigen is gD or 
5 gB of herpes simplex virus type I or type II. 

12. A fused protein in accordance with claim 11, in which the gD or the gB is gD or gB lacking a 
transmembrane domain. 

13. A fused protein in accordance with claim 1, in which a herpes simplex virus surface antigen is arranged 
on the amino terminal side and interleukin 2 is arranged on the carboxyl terminal side. 

w 14. A recombinant DNA containing a nucleotide sequence coding for a fused protein comprising an antigen 
used for vaccine and a lymphokine. 

15. A recombinant DNA in accordance with claim 14, in which the lymphokine is interleukin 2.. 

16. A recombinant DNA in accordance with claim 14, in which the antigen used for vaccine is a herpesvirus 
antigen or a human retrovirus antigen. 

75 17. A recombinant DNA in accordance with claim 14, in which the antigen used for vaccine is a herpes 
simplex virus surface antigen. 

18. A transformant bearing a recombinant DNA containing a nucleotide sequence coding for a fused protein 
comprising an antigen used for vaccine and a lymphokine. 

19. A transformant in accordance with claim 18, in which the lymphokine is interleukin 2, 

20 20. A transformant in accordance with claim 18, in which the antigen used for vaccine is a herpesvirus 
antigen or a/human retrovirus antigen. 

21. A transformant in accordance with claim 18, in which the antigen, used for vaccine is a herpes simplex 
virus surface antigen. 

22. A method for producing a fused protein comprising an antigen used for vaccine and a lymphokine, the 
25 method comprising cultivating a transformant bearing a recombinant DNA containing a nucleotide sequence 

coding for the fused protein, producing and accumulating the fused protein in a culture, and collecting the 
fused protein. 

23. A method in accordance with claim 22, in which the lymphokine is interleukin 2. 

24. A method in accordance with claim 22, in which the antigen used for vaccine is a herpesvirus antigen or 
30 a human retrovirus antigen. 

25. A method in accordance with claim 22, in which the antigen used for vaccine is a herpes simplex virus 
surface antigen. 

26. A hybrid protein obtained by chemically combining an antigen used for vaccine and a lymphokine. 

27. A hybrid protein in accordance with claim 26, in which the antigen used for vaccine is a viral antigen, a 
35 pathogenic protozoal antigen or a pathogenic bacterial antigen. 

28. A hybrid protein in accordance with claim 26, in which the antigen used for vaccine is a herpesvirus 
antigen. 

29. A hybrid protein in accordance with ciaim 26, in which the antigen used for vaccine is a herpes simplex 
virus surface antigen. 

40 30. A hybrid protein in accordance with claim 26, in which the lymphokine is interleukin 2. 

31. A fused protein comprising an antigen used for vaccine and a lymphokine in a pharmaceuticalty 
acceptable carrier. 

32. A pharmaceutical composition which comprises a hybrid protein obtained by chemically combining an 
antigen used for vaccine with a lymphokine, and a pharmaceutical^ acceptable carrier. 

45 33. A method for preparing a recombinant DNA containing a nucleotide sequence coding for a fused protein 
comprising an antigen used for vaccine and a lymphokine, the method comprising inserting the nucleotide 
sequence into a vector. 

34. A method for preparing a transformant bearing a recombinant DNA containing a nucleotide sequence 
coding for a fused protein comprising an antigen used for vaccine and a lymphokine; the method 

so comprising transforming a microorganism with the recombinant DNA. 

35. A method for producing a hybrid protein of an antigen used for vaccine with a lymphokine, which 
comprises 

(a) condensing a reactive amino group of one of the proteins with a reactive carboxyl group of the other 
protein, or 

55 (b) maleimidating one of the proteins, and reacting the maleimidated protein with the other protein, into 
which a sulfhydryl group is introduced, or 

(c) combining one of the proteins having a reactive amino group with the other protein having a reactive 
amino group by using a dialdehyde reagent, or 
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EDTA : Ethyienediaminetetraacetic acid 
SDS : Sodium dodecyl sulfate 
DTT : Dithiothreitol 
Gly : Glycine (G) 
5 Ala : Alanine (A) 
Va! : Valine (V) 
Leu : Leucine (L) 
He : Isoleucine (I) 
Ser : Serine (S) 
io Thr : Threonine (T) 
Cys : Cysteine (C) 
1/2 Cys: Half cysteine 
Met ; Methionine (M) 
Glu : Glutamic acid (E) 
is Asp : Aspartic acid (D) 
Lys : Lysine (K) 
Arg ; Arginine (R) 
His : Histidine (H) 
Phe : Phenylalanine (F) 
20 Tyr : Tyrosine (Y) 
Trp : Tryptophan (W) 
Pro : Proline (P) 
Asn : Asparagine (N) 
Gin : Glutamine (Q) 
25 Ap r : Ampicillin-resistant gene 
Tc r : Tetracyciine-resistant gene 
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ARS 1: Autonomous replication sequence 1 j(j sequence may be 

jz. zs rrr jtszes^ » . — - >*> * - - 

the immunogenic^ is not lost described in detail with the following Reference Examples and 

— - — - i,,ustrat,ve 

and are not intended to limit the scope of the invent^ plasmj(j pHDLdhfr1 

Transformant CHO-HDL-1-5 obtamed .n 3 de J™ , ndustrial Science and Technology, 

was deposited with the Z " ^ » te FERM BP " 2506 0n 

w.^. international Trade and Industry, Japan (FRI) under ™ k« p ___ _ ncaUa |pnan (|F0) 

Jui7l989. This microorganism was also deposited wjh the institute „ n..— 

under the accession number IFO 50192 ; or Uune Q f ^. pHSD ^ descnbed in Reference 

Transformant Escherich.a coh DH1 pHS D BJ 1 bearing , p f£rm BfM784 Qn 

Example mentionedTel3w^as deposed with th FR under he acc ^ ^ 

March 9 1988. This microorganism was also deposited with the ii-u 

sr ;,Trrs.:;r:;s r sirs. « « - - — » — ,fo 

10460 on September 19, 1988. c vamn i P s mentioned below was deposited with the FRI under 

IFO una« me accession number IFO 50231 »» M»*1.1S^ ^ ^ ^ fR| 

**- - f""£tS£ ££< "J S 1 < I « ****** - ale. dep«« 
under the accession number FERM or «J" 0 ggo 

with the IFO under the ^<^™^^'JZL PT8652 descnbed in Example 5 
Transformant Escherich.a coh K12 DH i/pi i bom y h ?3 on September 5 , 

aliened below wl»d £ J^^^"^ -cession number IFO 14539 .on 

1986 This microorganism was also depositee wiu» 
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1 


Met 


Gly 


Gly 


Ala 


17 


lie 


Val 


Gly 


Leu 


33 


Ser 


Leu 


Lys 


Met 


49 


Val 


Leu 


Asp 


Pro 


65 


He 


Gin 


Ala 


Gly 


81 


Thr 


Val 


Tyr 


Tyr 


97 


Asn 


Ala 


Pro 


Ser 


113 


Val 


Arc 


Lys 


Gin 


129 


Gly 


Asn 


Cys 


Ala 


145 


Tyr 


Am 


Lys 


Ser 


161 


Asn 


Tyr 


Tyr 


Asp 


177 


Leu 


Ket 


His 


Ala 


193 


Val 


Ly s 


lie 


Asn 


209 


Arc 


Ala 


Lys 


Gly 


225 


Ser 


Ala 


Cys 


Leu 


241 


Ser 


He 


Gly 


Ket 


257 


Ala 


Val 


Tyr 


Ser 


273 


Tyr 


Thr 


Ser 


Thr 


289 


Thr 


Gin 


Pro 


Glu 


*i a r 

305 


Glu 


A«p 


Pro 


11 — 1 

Val 


321 


He 


Pro 


Ser 


lie 


337 

• 

353 


Pro 
Ala 


Atn 
Ala 


A sn 
Leu 


Met 
Val 


369 


Art 


Lys 


Ala 


Pro 


385 


Gin 


Pro 


Ser 


Ser 



Fi g. 1 

Ala Ala Arc Leu Gly Ala 
Hii Gly Val Arc Gly Ly* 
Ala Asp Pro Asn Arc Phe 
Leu Thr Asp Pro Pro Gly 
Leu Pro Asp Pro Phe Gin 
Ala Val Leu Glu Arc Ala 
Glu Ala Pro Gin He Val 
Pro Tyr Asn Leu Thr lie 
He Pro lie Thr Val Het 
Leu Gly Ala Cys Pro He 
Ser Phe Ser Ala Val Ser 
Pro Ala Phe Glu Thr Ala 
Asp Trp Thr Glu He Thr 
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Leu Leu Pro Pro Glu Leu 
Leu Ala Pro Glu Asp Pro 
Gly Thr Val Ala Pro Gin 
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Gly Leu He Ala Gly Ala 
He Cys Gly He Val Tyr 
Lys Arc He Arc Leu Pro 
His Gin Pro Leu Phe Tyr 
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(d ) subjecting both of the proteins into which suifhydryl groups are introduced to reoxidata reaction. 
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Ser Ser Pro 
Gly Gly Pro 
Gly Asp Thr 
Pro Arc Pro 
Leu Arc Glu 
Pbe Tyr Val 
Gin Pro Arc 
Gly lie Ala 
All ThrMet 
Hi s Arc Tyr 
Pro Phe Glu 
Ser Thr Ala 
Arc Asp Asp 
Thr Arc Thr 
Ser Arc Val 
Val Glu Glu 
Leu Ala Thr 
Glu Gly Ser 
Gin Val Ai p 
Thr Ala Pro 
Ala Trp Asp 
Trp Gin Glu 
Arc Phe Ser 
Glu Tyr Pro 
Ala Arc Asp 
Hi s lie Ly i 
Leu lie Ala 



Gly Thr Pro Gl 
Al a Th r Pro Al 
Lys Pro Lya Ly 
Ala Gly Asp As 
Hi ,i Leu Arc As 
Cyi Pro Pro Pr 
Arc Cy $ Pro Th 
Val Val Phe Ly 
Tyr Tyr Lyi As 
Ser Gin Phe Me 
Glu V* 1 I 1 e As 
Lys Tyr Val Ar 
Hi* Glu Thr As 
Ser Arc Gly Tr 
Glu Ala Phe Hi 
Val Asp A 1 a A r 
Gly As p Phe Va 
Hi s Th r Glu Hi 
Gly Phe Tyr Al 
Thr Th r Arc As 
Trp Val Pro Ly 
Va 1 As p Gl u Me 
Ser Asp Ala 11 
Leu Ser Arc Va 
Ala Met Asp Ar 
Val Gly Gin Pr 
Tyr Gin Pro Le 
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Fig- 3 " 2 
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Fig. 4-1 

1 GAGTTGCGCCGCCCG 15 

G ACTGC A G CCGCCCG ACCTC CG AAG GTCG TT A CCG TT AC CCGCCCGGCG TAT 67 

ATCTCACGTACG ACTCCGACTGTCCGCTGGTGGCCATCGTCG AG AG CGCCCC 119 

CG AC GGCTGTATCGGCCCCCGGTCGGTCGTGGTCTACGACCG AG ACGTTTTC 171 

TCGATCCTCTACTCGGTCCTCCAGCACCTCGCCCCCAGGCTACCTG ACGGGG 223 

GGCACG ACGGGCCCCCGTAGTCCCGCC ATG CGC CAG GGC GCC CCC GCG 271 

CGG GGG TGC CGfc TGG TTC GTC GTA TGG GCG CTC TTG GGG TTG ACG 316 

i 

CTG GGG GTC CTG GTG GCG TCG GCG GCT CCG AGT TCC CCC GGC ACG 361 

CCT GGG GTC GCG GCC GCG ACC CAG GCG GCG AAC GGG GGA CCT GCC 406 

ACT CCG GCG CCG CCC GCC CCT GGC CCC GCC CCA ACG GGG GAC ACG 451 

AAA CCG AAG AAG AAC AAA AAA CCG AAA AAC CCA CCG CCG CCG CGC 496 

CCC GCC GGC GAC AAC GCG ACC GTC GCC GCG GGC CAC GCC ACC CTG 541 

CGC GAG CAC CTG CGG GAC ATC AAG GCG AAG AAC ACC GAT GCA AAC 556 

TTT TAC GTG TGC CCA CCC CCC ACG GGC GCC ACG GTG GTG CAG TTC 631 

GAG CAG CCG CGC CGC TGC CCG ACC CGG CCC GAG GGT CAG AAC TAC 676 

ACG GAG GGC ATC GCG GTG GTC TTC AAG GAG AAC ATC GCC CCG TAC 721 

AAG TTC AAG GCC ACC ATG TAC TAC AAA GAC GTC ACC GTT TCG CAG 766 

GTG TGG TTC GGC CAC CGC TAC TCC CAG TTT ATG GGG ATC TTT GAG Sll 

GAC CGC GCC CCC GTC CCC TTC GAG GAG GTG ATC GAC AAG ATC AAC SS6 

GCC AAG GGG GTC TGT CGG TCC ACG GCC AAG. TAC GTG CGC AAC AAC 901 . 

CTG GAG ACC ACC GCG TTT CAC CGG GAC GAC CAC GAG ACC GAC ATG 946 

GAG CTG AAA CCG GCC AAC GCC GCG ACC CGC ACG AGC CGG GGC TGG 991 

CAC ACC ACC GAC CTC AAG TAC AAC CCC TCG CGG GTG GAG GCG TTC 1036 

CAC CGG TAC GGG ACG ACG GTA AAC TGC ATC GTC GAG GAG GTG GAC 1081 

GCG CGC TCG GTG TAC CCG TAC AAC GAG TTT GTG CTG GCG ACT GGC 1126 

GAC TTT GTG TAC ATG TCC CCG TTT TAC GGC TAC CGG GAG GGG TCG 1171 

CAC ACC GAA CAC ACC AGC TAC GCC GCC GAC CGC TTC AAG CAG GTC 1216 

GAC GGC TTC TAC GCG CGC GAC CTC ACC ACC AAG GCC CGG GCC ACG 1261 
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Fig. 4-2 



0C 0 CCC ACC ACC 0=0 AAC CTG CTC ACS ACC C=C AAO TT « 
0 CC TOG GAC TGC GTG CCA AAC CCC CCO TCC CTC TCC ACC ATC ACC U 
AAG TGG CAC GAG CTO GAC CAO ATO CTO CCC TCC CAC TAC CCC CC « 
T CC TTC CCA TTC TCC TCC CAC CCC ATA TCC ACC ACC TTC ACC « 
AAC CTC ACC GAG TAC CCC CTC TCC'CGC GTC GAC CTC GGG A TOC « 
ATC CCC AAG GAC GCC CGC CAC CCC ATC CAC CCC ATC TTC C CC m 
AGG TAC AAC GCG ACG GAC ATC AAC CTC GCC CAC CCC CAC ™ 
CTG GCC AAT GGG GGC TTT CTG ATC GCC TAC CAG CCC CTT CTC ACC » 
AAC ACG CTC GCG GAG CTG TAC CTG CGG GAA CAC CTC CGA GAG CAC » 
AGC CGC AAG CCC CCA AAC CCC ACG CCC CCG CCC CCC GCC GCC ACC » 
GCC AAC GCG TCC GTG GAG CGC ATC AAG ACC ACC TCC TCC ATC G « 
XTC GCC CGG CTG CAG TTT ACG TAC AAC CAC ATA CAG CGC CAT GTC „ 
AAC GAT ATC TTG CGC CGC GTT GCC ATC GCG TGG TGC GAC C «« 
AAT CAC GAG CTG ACC CTC TGG AAC GAG GCC CGC AAG CTO A » 
AAC GCC ATC GCC TCC GTC ACC GTG GGC CGG CGG GTG AG 0 0 CGG » 
ATO CTC GGC CAC GTG ATG GCC CTC TCC ACG TGC GTG CCC CTC GCC » 
OCG GAC AAC GTG ATC GTC CAA AAC TCG ATG CGC ATC ACC TCO COO » 
CCC GGG GCC TGC TAC AGC CGC CCG CTG GTC AGC TTT CGG TA AA « 

~ r.r.r. r,AG AAC AAC GAG 2116 

GAC CAC OGC CCG TTG GTC GAG uuu — — — -- _ 
CTC CGG CTG ACG CGC CAT GCG ATC GAG CCG TOC ACC GTG OGA CAC U 
CGG CGC TAC TTC ACC TTC GOT GGG GGC TAC GTG TAC TTC GAG AG » 
TAC GCG TAC TCC CAC CAO CTG AGC CGC CCC CAC ATC ACC AC T » 
AGC ACC TTC ATC GAC CTC AAC ATC ACC ATO CTO GAG GAT » 
TTT GTC CCC CTG GAG GTG TAC ACC CGC CAC GAG ATC AAG GAC AGC « 
GGC CTO CTC GAC TAC ACG GAG GTC CAG CGC CGC AAC CAG CTG CAC » 
GAC CTG CGC TTC GCC GAC ATC GAC ACG GTC ATC CAC GCC GAC GCC » 
AAC GCC GCC ATG TTC GCG GGC CTO GGC GCG TTC TTC GAG GCG AT » 
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Fig. 4-3 

GGC GGC GTG GTA TCG GCC GTG TCG GGC GTG TCC TCC TTC ATG TCC 2565 
AAC CCC TTT GGG GCG CTG GCC GTG GGT CTG TTG GTC CTG GCC GGC 2611 
CTG GCG GCG GCC TTC TTC GCC TTT CGC TAC GTC ATG CGG CTG CAG 2656 
AGC AAC CCC ATG AAG GCC CTG TAC CCG CJA ACC ACC AAG GAG CTC 2701 
AAG AAC CCC ACC AAC CCG GAC GCG TCC GGG GAG GGC GAG. GAG GGC 2746 
GGC GAC TTT GAC GAG GCC AAG CTA GCC GAG GCC CGG GAG ATG ATA 2791 
CGG TAC ATG GCC CTG GTG TCG GCC ATG GAG CAC ACG GAA CAC AAG 2836 
GCC AAG AAG AAG GGC ACG AGC GCG CTG CTT AGC GCC AAG GTC ACC 2881 
GAC ATG GTC ATG CGC AAG CGC CGC AAC ACC AAC TAC ACC CAA GTT 2926 

Stop 

CCC AAC AAA GAC AGT GAC GCC GAC GAG GAC GAC CTG TGA CGGGGG 2971 
GTT.TGTTGTAAATAAAAACCACGGGTGTTAAACCGCATGCGCATCTTTTGGT 3023 
TTTTTTTTTTG TACGCCCTTTGTG TGT GTG GG AAG AAAGAAAAAGG AAC AC A 3075 
TAAACTCCCCCGGGTGTCCGCGGCCTGTTTCCTCTTTCCTTTCCCGTGACAA 3127 
AACTGACCCCCTTGGTCAGTGCCGATTCCCCCCCCCCCCCCCACGCCTTCCT 3179 
CC ACG TC G A AG GCTTTT G TATTG T A AAG CT ACC CGC CT ACC CGC GCCTCCC A 3231 
ATAAAAAAAAAAAGAACATACACCAATGGGTCTTATTTGGTATTACCTGGTT 3283 
TATTTAAAAAGATATACAGTAAGACATCCCATGGTACCAAAGACCGGGGCGA 3235 
ATCAGCGGGCCCCCATCATCTGAGAGACGAACAAATCGGCGGCGCGGGCCGT 3357 
GTC AACGTCCACGTGTGCTGCGCTGCTGGCG TTG AC AA GGG CCC CGGCCTCC 3439 
GCGTTG GAT GC CTCC GG TTG GG AT CC 3465 
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Fig. 6-1 

eIM „,ii««i««.KMe«icc» M ce«cn«, t ce M e ( ,e.tTc.t M M 

atCCCCUCGGCITTGCCCCCCC^CCGOCTTCTCCCCCCCCCtCK^CGGOC^CGGC 
CACGGTCATCGACAACCGCTCGGCGCCGGGCGTGTTCGACGCGCACCGGTTCATGCGAGC 
GTCTCTCCTGCGACACCAGGTGSACCCGGCCCTGCTCCCCAGCATCACCCATCGCTTCTT 
CG1GcraI CAACGGGCCCCTC«TGA,CACTCC,GCCACAGCmGCCC,GCCCCCCA, 
CACCGCGCTGTATTACAGCG7CGAGAACGT6GGGCTCCTGCCGCACCTGAAGGAGGAGC.T 
CGCCCGGTTCAICATGGGGGCGGGGGGCTCGGGTGCTGATTGGGCCGTCAGCGAATTTCA 
GA6GTTTTACTGTTTTGACGGCATTTCCGGAAIAACGCCCACTCAGCGCGCCGCCTGGCG 
ATATAnCGCGAGCIGATTATGGCCACCACKTCTTTGCCTCGGTCTACCGGTGCGGGGA 
GCTCGAGTTGCGCCGCCCG6ACTGCAGCCGCCCGACCTCCGAAGGTCGTTACCGTTACCC 
GCCCGGCGTATATCTCACGTACGACTCCGACTGTCCGCTGGTGGCCATCGTCGAGA6CGC 
CCCCGACGGCTGTATCGGCCCCCGGTCGGTCGTGGTCTACGACCGAGACGTTTTC7CGAI 
CCTCIACTCGGTCCTCCAGCACCTCGCCCCCAGGCTACCTGACGGGGGGCACGACGGGC 

^;Si;SS L TrGlSGferG G G^ , T^rG^T^i'G S TCG^*G^ , /crG S AGfT«^C^J 
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Fig. 6-2 

A«nL eu GluThrThrAlaPheHi«ArcAipA«pHi«GluThrA«pHetGluLeuLyiPro 206 

AACCTGGAGACCACCGCGTTTCACC^ 1499 

Al.AtnAl.AlaThrAriThrSerArtGlyTrpHiaThrThrAapLeuLyiTyrAanPro 226 

^SIISgJJgcSaCCC^ACGAGCCgSgGCTGGCACACCACCGACCTCAAGTACAACCCC 1559 

SerArjValGluAlaPheHi.ArjTyrGlyThrThrV.lAinCyflleValGluGluV.l 246 

TCGCGGGTGGAGGCGTTCCACCGGTACGGGACGACGGTAAACTGCATCGTCGAGGAGGTG 1619 

AeoAlaAriSerValTyrProTyrAspGluPheValleuAlaThrGlyAspPheValTyr 266 

GKGCGCGCTCGGTGN 1679 

H«tS«rProOheTyrGlyTyrArtGluAlySerHi»ThrGluHi«ThrSerTyrAlaAla 286 

JlGICCCCGTTITACGGCTACCGGGAGGGGK 1739 

» 

A»pArcPheLyaGlnVilA«pGlyPheTyrAlaAreA«pLeuThrTyrLy«AlaArcAli 306 

G!cCGCITCAAGCAGGTTGACGGCTTCTACGCGCGCGACCTCACCACCAAGGCCCGGGCC 1799 

ThrAlaProThrThrArcAinLeuLeuThrThrProLysPhaThrV.lAla^ 326 

ACGGCGCCGACCACCCGGAACCTGCTCACGACCCCCAAGTTCACCGTGGCCTGGGACTGG 1859 
y 

V.lProLyiArcProSarValCyiThrH.tIhrLytTrpGln61|iV«lA«P« 346 

GTGCCAA AGCGCCCGTCGGTCTGCACCA TGACCAAGTGGCAGGAGGTGGACGAGATGCTG 1919 

ArtSerGluTyrGlyGlySerPheAriPheScrSerAipAlalleSerThrThrPhaThr 366 
MCTCCGAGTACGGCGGCTCCTTCCGATTCICCTCC 

ThrAsnLeuThrGluTyrProLeuSerAriValAspLeuGlyAspCysIleGlyLysAsp 386 

ACCAACCTGACCGAGTACCCGCTCTCGCGCGTGGACCTGGGGGACTGC ATCGGC A AGGAC 2039 

Ai«ArrA«oAlaM«tA«pArKllePh«Al«Arf ArtTyrAsnAlaThrHisIleLysVal 406 

SwMCGACGCCAIGGACCGC^ 2099 

GlyGlnProGlnTyrTyrLeuAlaAtnGlyGlyPheLeuIleAlaTyrGlnProLeuLeu 426 

GGCCAGCCGCAGTACTACCTGGCCAATGGGGGCTTTCTGATCGCGTACCAGCCCCTTCTC 2159 

SerA»nThrLeuAlaGluleuTyrValArcGluHisLeuAr«GluGlnSerAriLy«Pro 446 

AGCAACACGCTCGCGGAGCTGTACGTGCGGG ^ 

ProAsnProThrProProProProGlyAlaSerAlaAsnAlaSerValGluArjIleLys 466 

CCAAACCCCACGCCCCCGCCGCCCGGGGCCAGCGCC AACGCGTCC GTGGAGCGCATCAAG 2279 

ThrThrSerSerllaGluPheAlaArfLeuGlnPhrThrTyrA^ 486 

ACCACCTCCTCCATCG AGTTCGCCCGGCTGCAGTTTACGTACA ACCACAT ACAGCGCCAT 2339 

ValAinAspMetLeuGlyArtValAlalleAlaTrpCy.GluLeuGlnAsnHisGluLe^ 506 

GTCAACGATATGTTGGGCCGCGTTGCCATCGCGTGGTGCGAGCTGCAG A ATCACGAGCTG 2399 

ThrLeuTrpAsnGluAlaArtLyiLeuAinProAsnAlalleAlaSerAlaThrValGly 5 26 

amctgtggaac^ 2459 

AreArcValSerAlaArcMetLcuGlyAspValHetAlaValSerThrCysValProVal 546 

CGGCGGGTGAGCGCGCGGATGCTCGGCGACGTGATGGCCGTCTCCACGTGCGTGCCGGTC 2ol9 

AlaAlaA S pAsnV.lIleValGlnAsnSerNetAr 8 IleSerSerAr^ 566 

GCCGCGGACAACGTGATCGTCC AA AACTCGATGCGCATCAGCTCGCGGCCCGGGGCCTGC 2579 

TyrSerArcProLeuValScrPhaArtTyrGluAspGlnGlyProU^ J86 

TACAGCCGCCCCCTGGTCAGCTTTCGGTACGAAGACCAGGGCCCGTTGGTCGAGCGGCAG 2639 
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Fig. 6-3 



ggtgacgccgacgaggacg'^ 

ITAAACCGCATGTGCATCTTTTGGTTTGTTTGTTTGGTACGCCTTTTGTGTGTGTGGGAA 3599 
GAAAGAAAAGGGAACACATAAACTCCCCCGGGTGTCCGCGGCCTGTTTCCTCTTTCCTTT 
CCCGTGACAAAACGGACCCCCTTGGTCAGTGCCGATTCCCCCCCCACGCCITCCTCCACG 3719 
TCGAAGGCTTTTGCATTGTAAAGCTACCCGCCTACCCGCGCCTCCCAATAAAAAAAGAAC 
ATACACCAATGGGTCTIATTTGGTATTACCTGGTTTATTTAAAAAGATATACAGTAAGAC 3S39 
ATCCCATGGTACCAAAGACCGGGGCGAATCAGCGGGCCCCCATCATCIGAGAGACGAACA 
AATCGGCGGCGCGGGCCGTGTCAACGTCCACGTGTGCTGCGCTGCTGGCGTTGACAAGGG 3959 

CCCCGGCCTCCGCGTTGGATGCCTCCGGTTGGGATCC 3996 
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Fig. 16-1 
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Fig. 16-2 
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Fig, 16-4 



pUCl 8Nh e gp I E cT 
Xb a I 



Klenos polymerase 




i 



E/X 



49 



EP 0 406 857 A1 

Fig. 16-5 
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Fig. 16-6 
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F" i s . 17-1 

1 CG AG A GCA GTC CAT GGT TTT AGA CCT CCG GCG A. AT TGC GTG GTT TTA 47 

1 MetClyThrValAsnLysS 
48 AGT G AC TAT ATT CCG AGG GTC GCC TGT AAT ATG CGG AC A GTT A AT AAA 95 

7 Pro V a 1 Val Gly Val Leu Met Gly Phe G 1 y lie lie Thr G 1 y Thr Leu 22 

96 CCT GTG GTG GGG GTA TTG ATG GGG TTC GGA ATT ATC ACG GGA ACG TTG 143 

23 A r g lie Thr Asn Pro Val Arg Ala Ser Val Leu A r * Tyr As? Asp Phe 38 

144 CGT ATA ACG AAT CCG GTC AGA GCA TCC GTC TTG CG A TAC GAT GAT TTT 191 

39 His Tie Asp Glu Asp Lys Leu Asp Thr Asn Ser Val Tyr Glu Pro Tyr 54 

192 CAC ATC GAT GAA GAG AAA CTG GAT ACA AAC TCC GTA TAT GAG CCT TAC 239 

55 Tyr His Ser Asp His Ala Glu Ser Ser Trp Val Asn Arg Gly Glu Ser 70 

240 TAC CAT TCA GAT CAT GCG GAG TCT TCA TGG GTA AAC CGG GGA GAG TCT 227 

71 Ser Arj Lys Ala Tyr Asp His Asn Ser Pro Tyr lie Trp Pro Arg Asn 86 

28* TCG CG A AAA GCG TAC GAT CAT AAC TCA CCT TAT ATA TGG CCA CGT AAT 335 

87 Asp Tyr Asp Gly Phe Leu Glu Asn Ala His Glu His His Gly Val Tyr 102 

336 GAT TAT GAT GGA TTT TTA GAG AAC GCA CAC GAA CAC CAT GGG GTG TAT 383 

103 Asn Gin Gly Arg Gly lie Asp Ser Gly Glu Arg Leu Met Gin Pro Thr 118 

384 AAT CAG GGC CGT GGT ATC GAT AGC GGG GAA CGG TTA ATG CAA CCC ACA 431 

119 G 1 n Me t Sep Ala GU CU Asp Leu Gly Asp Asp Thr Gly He His Val 134 

432 CAA ATG TCT GCA CAG GAG GAT CTT GGG G AC GAT ACG GCC ATC CAC G ;T 479 

135 He Pro Thr Leu Asn Gly Asp Asp Arg His Lys He Val Asn Val As? 150 

480 ATC CCT ACG TTA AAC GGC GAT G AC AGA CAT AAA ATT GTA AAT GTG G AC 527 

151 Gin Arg Gin Tyr Gly Asp Val Phe Lys Gly Asp Leu Asn Pro Lys Pro 
528 CAA CGT CAA TAC GGT G AC GTG TTT AAA GGA GAT CTT AAT CCA AAA CCC 

167 Gin Gly Gin Arg Leu lie Glu Val Ser Val Glu Glu Asn His Pro Phe 

576 CAA GGC CAA AGA CTC ATT GAG GTG TCA GTG GAA GAA AAT CAC CCG TT i 623 

lS3Thr Leu Arg Ala Pro lie Gin Arg lie Tyr Gly Val Arg Tyr Thr Glu 198 

624 ACT TTA CGC GCA CCG ATT CAG CGG ATT TAT GGA GTC CCG TAC ACC GAG 671 

199 Thr Trp Ser Phe Leu Pro Ser-Leu Thr Cys Thr Gly Asp Ala Ala Pro 214 

672 ACT TGG AGC TTT TTG CCG TCA TTA ACC TGT ACG GGA G AC GCA GCG CCC 719 

215 Ala He Gin His IleCys Leu Lys His Thr Thr Cys Phe Gin Asp Val 230 

720 GCC ATC CAG CAT ATA TGT TTA AAA CAT ACA ACA TGC TTT CAA G AC GTG 767 

231 Val Val Asp Val Asp Cys Ala Glu Asn Thr Lys Glu Asp Gin Leu Ala 246 

768 GTG GTG GAT GTG GAT TGC GCG GAA AAT ACT AAA GAG GAT CAC TTG GCC 815 

247 Glu He Ser Tyr Arg Phe Gh Gly Lys Lys Glu Ala Asp Gin Pro Trp 262 

816 GAA ATC AGT TAC CGT TTT CAA GGT A AG A AG GAA GCG G AC CAA CCG TGG 863 

263 lie Val Val Asn Thr Ser Thr Leu Phe Asp Glu Leu Glu Leu Asp Pro 278 

864 ATT GTT GTA AAC ACG AGC ACA CTG TTT GAT GAA CTC GAA T ; A G AC CCC 911 

279 ProGlu He Glu Pro Gly Val Leu Lys Val Leu ArjThr Glu Lys Gin 294 

912 CCC GAG ATT CAA CCC GGT GTC TTG AAA GTA CTT CGG ACA GAA AAA CAA 959 

295 Tyr Leu Gly Val Tyr He Trp Asn Met Arg Gly Ser Asp Gly Thr Ser 310 
960 TAC TTG GGT GTG TAC ATT TGG AAC ATG CCC GGC TCC GAT GGT ACG TCT 1007 

311 Thr Tyr Ala Thr Phe Leu Val Thr Trp Lys Gly Asp Glu Lys Thr Arg 326 
1008 ACC TAC GCC ACG TTT TTG GTC ACC TGG AAA GGG GAT GAA AAA ACA AGA lOoo 
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